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HETEROCYCLIC METHYL SULFONE DERIVATIVE 

Technical Field 

[0001] 

The present invention relates to novel compounds hav- 
ing an inhibitory activity against production or secretion 
of (3-amyloid protein; and a medicament to treat various 
diseases caused by abnormal production or secretion of (3- 
amyloid protein such as Alzheimer disease, Down syndrome 
and the other diseases associated with amyloid deposition. 

Background Art 

[0002] 

Alzheimer disease is a neurodegenerative disease hav- 
ing pathological features such as degeneration or loss of 
nerve cells, formation of senile plaques and neurofibril- 
lary tangles. Alzheimer disease causes symptoms of demen- 
tia such as gradual loss of memory, recognition, thinking, 
judgment or the like, and it eventually leads to death. No 
effective method for treating or preventing this disease 
has hitherto been known. 
[0003] 

The main protein constituting a senile plaque depos- 
ited in the brain is p-amyloid protein (amyloid (3 protein, 
A(3) which is composed of from 39 to 43 amino acids. (3- 
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Amyloid protein exhibits cytotoxicity, which, is presumed to 
induce Alzheimer disease (Non-patent Document 1) . fJ- 
Amyloid protein secreted from cells is a polypeptide com- 
posed mainly of 40 or 42 amino acids and particularly, that 
composed of 42 amino acids is known to deposit in the brain 
quickly because of strong aggregation property and in addi- 
tion, have strong cytotoxicity (Non-patent Document 2) . (3- 
Amyloid protein is produced ubiquitously in vivo, but its 

function remains unknown. 

[0004] 

(3-Amyloid protein is produced by processing of an 
amyloid precursor protein (APP) which is a membrane pro- 
tein. Mutation of an APP gene is observed from patients, 
suffering from familial Alzheimer disease. An increase in 
the production or secretion amount of p-amyloid protein is 
known to occur in the cells having this mutated APP gene 
introduced therein. This suggests that a medicament inhib- 
iting the production or secretion of (3-amyloid protein is 
effective for the prevention or treatment of Alzheimer dis- 
ease. 
[0005] 

In the processing step of an amyloid precursor pro- 
tein to produce p-amyloid protein, BACE ([3-site APP Cleav- 
ing Enzyme) (Non-patent Document 3) or Aspl (Non-patent 
Document 4), each an aspartic protease, is reported as a (5 



secretase for cleaving the N terminal of (3-amyloid protein. 
It is suggested strongly that y-secretase which cleaves the 
C-terminal region is partially composed of presenilin (Non- 
patent Document 5) . Although inhibitors of (i-secretase and 
y-secretase have been reported (Non-patent document 6) , 
most of them are peptide like compounds. 
[0006] 

In Patent document 1, SMITH, et al . , disclose com- 
pounds having a sulfonamide skeleton and capable of con- 
trolling production of (3-amyloid protein. In Patent Docu- 
ment 2, BELANGER, et al . , disclose compounds having a bicy- 
cloalkylsulfonamide skeleton and inhibiting y-secretase. 
Also in Patent Documents 3, 4 and 5, diarylsulf one com- 
pounds inhibiting y-secretase are disclosed. In Patent 
Document 6, thionaphthalene derivatives inhibiting aggrega- 
tion of amyloid protein are disclosed. 

Non-patent Document 1: Science, 259 , 514(1993) 
Non-patent Document 2: Journal of Biological Chemistry, 
270 , 7013 (1995) 

Non-patent Document 3: Science, 286 , 735(1999) 
Non-patent Document 4: Molecular and Cellular Neurosci- 
ence, 16, 609(2000) 

Non-patent Document 5: Journal of Medicinal Chemistry, 
44_, 2039(2001) 

Patent Document 1: WO00/50391 



Patent Document 2: WO01/70677 

Patent Document 3: WO02/081433 

Patent Document 4: WO02/081435 

Patent Document 5: WO03/18543 

Patent Document 6: JP-A-1997-95444 

Disclosure of the Invention 

Problems that the Invention is to Solve 

[0007] 

An object of the present invention is to provide com- 
pounds having a structure different from that of the above- 
described known compounds, having an excellent inhibitory 
activity against production or secretion of p-amyloid pro- 
tein and having desirable properties as pharmaceuticals. 

Means for Solving the Problems 

[0008] 

The present inventors have carried out various inves- 
tigations. As a result, it has been found that heterocyc- 
lic methylthio compounds, heterocyclic methyl sulfine com- 
pounds and heterocyclic methyl sulfone compounds repre- 
sented by the below-described formula (1) have an excellent 
inhibitory activity against production or secretion of ($- 
amyloid protein and are therefore useful as a medicament 
for treating various diseases resulting from the abnormal 
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production or secretion of p-amyloid protein, leading to 

the completion of the present invention. 

[0009] 

In the present invention, there is thus provided a 
compound represented by the following formula (1): 
[0010] 

[Chemical formula 1] 




R3 

[0011] 

(wherein, R 1 and R 3 each independently represents an aro- 
matic hydrocarbon group which may have a substituent or an 
aromatic heterocyclic group which may have a substituent, 
R 2 represents a saturated or unsaturated monocyclic hetero- 
cyclic group or unsaturated polycyclic heterocyclic group 
which may have a substituent, R 4 represents a hydrogen atom 
or a Ci-6 alkyl group, and X represents -S-, -SO- or -S0 2 -) ; 
an N-oxide or S-oxide thereof; a salt thereof; or a solvate 
thereof • 

[0012] 

In the present invention, there is also provided a 
medicament containing, as an effective ingredient, the com- 



pound represented by the formula (1) ; an N-oxide or S-oxide 

thereof; a salt thereof; or a solvate thereof. 

[0013] 

In the present invention, there is also provided a 
pharmaceutical composition containing the compound repre- 
sented by the formula (1), an N-oxide or S-oxide thereof, a 
salt thereof, or a solvate thereof; and a pharmaceutically 
acceptable carrier . 
[0014] 

In the present invention, there is also provided use 
of the compound represented by the formula (1), an N-oxide 
or S-oxide thereof, a salt thereof, or a solvate thereof 
for the preparation of a medicament. 
[0015] 

In the present invention, there is also provided a 
method of treating a disease resulting from abnormal pro- 
duction or secretion of (3-aitiyloid protein, which comprises 
administering an effective amount of the compound repre- 
sented by the formula (1), an N-oxide or S-oxide thereof, a 
salt thereof, or a solvate thereof. 

Advantageous effect of the Invention 

[0016] 

The present invention makes it possible to provide 
compounds having an excellent inhibitory activity against 
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production or section of (3-amyloid protein and having de- 
sirable properties as a medicament. 



Best Mode for Carrying out the Invention 

[0017] 

The compound represented by the formula (1) is de- 
scribed bellow. 
[0018] 

Examples of the aromatic hydrocarbon group repre- 
sented by R 1 or R 3 include phenyl and naphthyl groups, of 
which phenyl group is preferred. 
[0019] 

Examples of the aromatic heterocyclic group repre- 
sented by R 1 or R 3 include 5- or 6-membered aromatic het- 
erocyclic groups having 1 to 4 atoms selected from nitro- 
gen, oxygen and sulfur atoms. Specific examples include 
pyrrolyl, furyl, thienyl, pyrazolyl, imidazolyl, triazolyl, 
oxazolyl, thiazolyl, isoxazolyl, isothiazolyl, pyridyl, 
pyrimidinyl, tetrazolyl, thiadiazolyl, pyrazinyl, and pyri- 
dazinyl groups. 
[0020] 

Of these groups, thienyl, pyrazolyl, imidazolyl, tri- 
azolyl, oxazolyl, thiazolyl, thiadiazolyl, pyridyl, 
pyrimidinyl, and pyridazinyl groups are preferred; thienyl, 
pyridyl, pyrimidinyl and pyridazinyl groups are more pre- 
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f erred; and thienyl, pyridyl and pyrimidinyl groups are es- 
pecially preferred. 
[0021] 

Examples of the saturated monocyclic heterocyclic 
group represented by R 2 include 3- to 7-membered heterocyc- 
lic groups having 1 to 4 atoms selected from nitrogen, oxy- 
gen and sulfur atoms- Specific examples include pyrrolid- 
inyl , tet r ahydrof uranyl , oxet anyl , tetrahydrothienyl , 
piperidinyl, piperazinyl, homopiperazinyl , morpholinyl, 
thiomorpholinyl, aziridinyl, imidazolidinyl, pyrazolidinyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, dioxolanyl, 
oxathiolanyl and hexahydropyrimidinyl groups. 
[0022] 

Of these, pyrrolidinyl, tetrahydrof uranyl , tetrahy- 
drothienyl, piperidinyl, piperazinyl, homopiperazinyl, mor- 
pholinyl, thiomorpholinyl, imidazolidinyl , pyrazolidinyl, 
tetrahydropyranyl and tetrahydrothiopyranyl groups are pre- 
ferred; and piperidinyl, tetrahydropyranyl, tetrahy- 
drothiopyranyl and hexahydropyrimidinyl groups are more 
preferred. 
[0023] 

Examples of the unsaturated monocyclic heterocyclic 
group represented by R 2 include 4- to 7-membered groups 
having 1 to 4 atoms selected from nitrogen, oxygen and sul- 
fur atoms. Specific examples include pyrrolyl, furyl, 
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thienyl, pyrazolyl, Imidazolyl, triazolyl, oxazolyl, thia- 
zolyl, isoxazolyl, isothiazolyl, triazinyl, tetrazolyl, 
thiadiazolyl, oxadiazolyl, pyridyl, pyrimidinyl, pyrazinyl, 
pyridazinyl, pyrrolyl, imidazolinyl, pyrazolinyl, oxa- 
zolinyl, thiazolinyl, isoxazolinyl, isothiazolinyl , 
pyranyl , dihydropyr idyl , te trahydropyridyl , dihydropyr imid- 
inyl, tetrahydropyridazinyl and tetrahydropyrimidinyl 
groups. 
[0024] 

Of these, pyrrolyl, furyl, thienyl, pyrazolyl, imida- 
zolyl, triazolyl, oxazolyl, thiazolyl, isoxazolyl, isothia- 
zolyl, pyridyl, pyrimidinyl, pyrazinyl, triazinyl, tetra- 
zolyl, pyrrolinyl, imidazolinyl, pyrazolinyl, thiadiazolyl, 
pyrazinyl, pyridazinyl, tetrahydropyridyl, . dihydropyrimid- 
inyl and tetrahydropyridazinyl groups are preferred; and 
imidazolyl, pyridyl, pyrimidinyl and thiazolyl groups are 
more preferred. 
[0025] 

Examples of the unsaturated polycyclic heterocyclic 
group represented by R 2 include 8- to 10-membered groups 
having 1 to 4 atoms selected from nitrogen, oxygen and sul- 
fur atoms. Specific examples include benzof uranyl , ben- 
zothiazolyl, indolyl, quinolyl, isoquinolyl, benzopyranyl , 
benzoxazolyl, benzo thiazolyl, benz imidazolyl, benzodiox- 
anyl, benzo thiophenyl, benzi so thiazolyl , benz is oxazolyl, 



chromenyl, chromanyl, isochromenyl, isochromanyl, in- 
dolinyl, indazolyl, indolizinyl, isoindolyl, isoindolinyl , 
quinolizinyl, quinoxalinyl, quinazolinyl, cinnolinyl, 
phthalazinyl, naphthyridinyl, purinyl, tetrahydrothia- 
zolopyridyl, imidazopyridyl, triazolopyridyl, pyr- 
rolopyridyl, carbazolyl, xanthenyl, acridinyl, phenazinyl, 
phenoxazinyl, phenothiazinyl and quinuclidinyl groups. 
[0026] 

Of these group, benzof uranyl, benzothiazolyl, indo- 
lyl, quinolyl, isoquinolyl, benzopyranyl, benzoxazolyl, 
benzothiazolyl, benzimidazolyl, benzodioxanyl, benzothio- 
phenyl, benzisothiazolyl, benzisoxazolyl , chromenyl, 
chromanyl, isochromenyl , isochromanyl , indolinyl, inda- 
zolyl, indolizinyl, quinolizinyl, quinoxalinyl, quina- 
zolinyl, cinnolinyl, phthalazinyl, naphthyridinyl, imida- 
zopyridyl and triazolopyridyl groups are preferred; and 
benzimidazolyl, chromenyl, imidazopyridyl and tria- 
zolopyridyl groups are more preferred. 
[0027] 

The aromatic hydrocarbon group or aromatic heterocyc- 
lic group represented by R 1 or R 3 may be substituted by 1 
to 3 substituents, which are the same or different, se- 
lected from halogen atoms, Ci-e alkyl groups, trihaloge- 
nomethyl groups, Ci- 6 alkoxy groups, C 2 -e alkenyl groups, 
formyl group, C 2 -e alkanoyl groups, carboxyl group, car- 



boxyamino Ci- 6 alkyl groups, Ci- 6 alkoxycarbonylamino Ci- 6 al- 
kyl groups, oxo group, nitro group, cyano group, amidino 
group, C 2 -6 alkenyloxy groups, hydroxy group, thioxo group, 
amino group, Ci_ 6 alkylamino groups, di (Ci-6 alkyl) amino 
groups, Ci-6 alkoxycarbonyl groups, carbamoyl group, Ci_ 6 al- 
kylcarbamoyl groups, di(Ci_ 6 alkyl ) carbamoyl groups, thio- 
carbamoyl group, Ci- 6 alkyl thiocarbamoyl groups, di (Ci- 6 al- 
kyl ) thiocarbamoyl groups, mercapto group, Ci-6 alkylthio 
groups, Ci-6 alkylsulf inyl groups, Ci- 6 alkylsulf onyl groups, 
and C 6 -io aromatic hydrocarbon-Ci-6 alkyl groups. 
[0028] 

As the substituent for the aromatic hydrocarbon group 
or aromatic heterocyclic group represented by R 1 or R 3 , 
halogen atoms, Ci- 6 alkyl groups, trihalogenomethyl groups, 
Ci-6 alkoxy groups, cyano group, amidino group, hydroxy 
group, Ci-6 alkylamino groups, di (Ci- 6 alkyl) amino groups, 
carbamoyl group, Ci- 6 alkylcarbamoyl groups and di (Ci_ 6 al- 
kyl) carbamoyl groups are preferred; halogen atoms, Ci- 6 al- 
kyl groups, trihalogenomethyl groups, Ci- 6 alkoxy groups and 
cyano group are more preferred; and halogen atoms and cyano 
group are especially preferred* Among the halogen atoms, 
chlorine and fluorine atoms are still more preferred, 
[0029] 

Examples of the substituent for the saturated or un- 
saturated monocyclic heterocyclic group or unsaturated 



polycyclic heterocyclic group represented by R 2 include a 
group ~q 101 -q 102 -q 103 -q 104 -q 105 -q 106 ~Q 107 (wherein, Q 101 represents 
a single bond, a Ci- 6 alkylene group, a C 2 _ 6 alkenylene 
group or a heterocyclic group; Q 102 represents a single 
bond, -0-, -NH-, -CH=-N-, -C (alkyl) =N-, -N (alkyl)- or -S-; 
Q 103 represents a single bond, -CO-, -CS-, -SO-, -S0 2 - or - 
CONH-; Q 104 represents a single bond, a Ci_ 6 alkylene group, 
a C 2 -e alkenylene group, a C 3 -s cyclolakylene group, a C 4 _ 7 
cycloalkenylene group, an aromatic hydrocarbon group op a 
heterocyclic group; Q 105 represents a single bond, -NH- or - 
N (alkyl)-; Q 106 represents a single bond, -0-, -CO-, -CS-, - 
S0 2 -, -SO- or -S-; and Q 107 represents a hydrogen atom, a 
halogen atom, a hydroxy group, an oxo group, a Ci_ 6 alkyl 
group, a C 2 _ 6 alkenyl group, a C3-7 cycloalkyl group, a Ci_ 6 
alkoxy group, a C 2 _ 6 alkenyloxy group, an azide group, a 
cyano group, an amino group, a Ci-6 alkylamino group, a 
di(Ci- 6 alkyl) amino group, a C 2 -e alkanoylamino group, a 
di(C 2 -6 alkanoyl) amino group, a carboxyamino group, a Ci_ 6 
alkoxycarbonylamino group, a di (Ci- 6 alkoxycarbonyl) amino 
group, a heterocyclic group, an aromatic hydrocarbon group, 
a C4-7 cycloyalkenyl group, a heterocycle-oxy group or an 
aromatic hydrocarbon-oxy group, in which the Ci- 6 alkylene 
or alkyl group, C 2 _ 6 alkenylene or alkenyl group, C3-7 
cycloalkylene or C3-7 cycloalkyl group, C4-7 cycloalkenylene 
or C4-7 cycloalkenyl group, heterocyclic group, heterocycle- 
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oxy group, aromatic hydrocarbon group or aromatic hydrocar- 
bon-oxy group may be substituted with 1 to 3 substituents 
selected from halogen atoms, Ci-e alkyl groups, Ci_ 6 alkoxy 
groups, C 2 -e alkenyl groups, carboxyamino Ci- 6 alkyl groups, 
Ci-e alkoxycarbonylamino Ci- 6 alkyl groups, formyl group, C 2 -e 
alkanoyl groups, oxo group, nitro group, cyano group, azide 
group, amidino group, C 2 -e alkenyloxy groups, hydroxy group, 
carboxyl group, C7-16 aralkyl groups, thioxo group, C 2 - 6 al- 
kanoyl groups, C 2 -6 thioalkanoyl groups, thioformyl group, 
amino group, Ci- 6 alkylamino groups, di (Ci_ 6 alkyl ) amino 
groups, Ci-e alkoxycarbonyl groups, carbamoyl group, Ci- 6 al- 
kyl carbamoyl groups, di (Ci-e alkyl ) carbamoyl groups, thio- 
carbamoyl group, Ci- 6 alkylthiocarbamoyl groups, di (Ci- 6 al- 
kyl) thiocarbamoyl groups, Ci-e alkoxycarbamoylamino groups, 
Ci-e alkoxycarbamoyl (Ci-e alkyl) amino groups, C 2 -e alka- 
noylamino groups, C 2 _ 6 alkanoyl (Ci- 6 alkyl) amino groups, thio 
C 2 - 6 alkanoylamino groups, thio C 2 -e alkanoyl (Ci- 6 alkyl) amino 
groups, formylamino group, formyl (Ci_ 6 alkyl) amino groups, 
thioformylamino group, thioformyl (Ci- 6 alkyl) amino groups, 
C 2 - 6 alkanoyloxy groups, formyloxy group, Ci- 6 alkoxycarbony- 
loxy groups, carbamoyloxy group, Ci-e alkylcarbamoyloxy 
groups, di(Ci- 6 alkyl ) carbamoyloxy groups, aminocarbonyl- 
amino group, Ci- 6 alkylaminocarbonylamino groups, di (Ci- 6 al- 
kyl) aminocarbonylamino groups, aminocarbonyl (Ci-6 al- 
kyl) amino groups, Ci-e alkylaminocarbonyl (Ci- 6 alkyl) amino 



groups, di(Ci- 6 alkyl) aminocarbonyl (Ci- 6 alkyl) amino groups, 
mercapto group, Ci_ 6 alkylthio groups, Ci- 6 alkylsulf inyl 
groups, Ci-6 alkylsulf onyl groups, aminosulf onyl group, Ci- 6 
alkylaminosulfonyl groups, di(Ci_ 6 alkyl ) aminosulf onyl 
groups, aminosulf onylamino group, Ci- 6 alkylaminosulf onyl- 
amino groups, di (Ci- 6 alkyl) aminosulf onylamino groups, ami- 
nosulf onyl (Ci-6 alkyl) amino groups, Ci_ 6 alkylaminosul- 
fonyl (Ci-6 alkyl) amino groups and di (Ci- 6 al- 
kyl) aminosulf onyl (Ci- 6 alkyl) amino groups. 
[0030] 

The substituents for the heterocyclic group repre- 
sented by R 2 are described more specifically as follows. 
[0031] 

The heterocyclic group represented by R 2 may be sub- 
stituted with 1 to 3 substituents selected from halogen at- 
oms, cyano group, Ci_ 6 alkyl groups, hydroxy group, Ci- 6 
alkoxy groups, C 2 -e alkenyloxy groups, carboxy Ci_ 6 alkyl 
groups, Ci-6 alkoxycarbonyl Ci- 6 alkyl groups, heterocycle- 
carbonyl Ci- 6 alkyl groups, hydroxy Ci_ 6 alkyl groups, C 6 -io 
aromatic hydrocarbon-sulf onyl Ci- 6 alkyl groups,' N,N- 
dialkylaminosulf onyl Ci_ 6 alkyl groups, heterocycle-Ci- 6 al- 
kyl groups, C 6 -io aromatic hydrocarbon-Ci-e alkyl groups, C 6 - 
io aromatic hydrocarbon-thio Ci_ 6 alkyl groups, azido-Ci_ 6 
alkyl groups, amino Ci_6 alkyl groups, Ci- 6 alkylamino Ci_ 6 
alkyl groups, di (Ci- 6 alkyl) amino Ci- 6 alkyl groups, hydroxy 



Ci_6 alkylamino Ci- 6 alkyl groups, Ci- 6 alkoxy Ci- 6 alkylami- 

noCi-e alkyl groups, di (Ci_ 6 alkoxyCi_ 6 alkyl) amino Ci- 6 alkyl 
groups, N-hydroxy Ci_ 6 alkyl-N-Ci- 6 alkoxy Ci-e alkylamino Ci_ 6 
alkyl groups, C 2 - 6 alkanoylamino Ci- 6 alkyl groups, di (C 2 _ 6 
alkanoyl) amino Ci-e alkyl groups, carboxyamino Ci- 6 alkyl 
groups, di (Ci_6 alkylcarbonylamino Ci_ 6 alkyl) amino Ci- 6 alkyl 
groups, Ci-e alkoxycarbonylamino Ci_ 6 alkyl groups, di (Ci_ 6 
alkoxycarbonyl) amino Ci- 6 alkyl. groups, carbamoylamino Ci- 6 
alkyl groups, N-Ci-e alkylcarbamoylamino Ci_ 6 alkyl groups, 
(N,N-di(Ci- 6 alkyl) carbamoyl) amino Ci_ 6 alkyl groups, amino- 
sulf onylamino Ci- 6 alkyl groups, N-Ci- 6 alkylsulf onylamino 
Ci-e alkyl groups, (di (Ci- 6 alkyl ) aminosulf onyl ) amino Ci_ 6 al- 
kyl groups, C 6 -io aromatic hydrocarbon-sulfonylamino-C 2 -6 al- 
kanoylamino Ci-e alkyl groups, amino Ci_ 6 alkylcarbonylamino 
Ci-e alkyl groups, N-Ci_ 6 alkylamino Ci- 6 alkylcarbonylamino 
Ci-e alkyl groups, N,N-di(Ci- 6 alkyl) amino Ci- 6 alkylcarbonyl- 
amino Ci-e alkyl groups, heterocycle-Ci- 6 alkylcarbonylamino 
Ci-e alkyl groups, heterocycle-C 2 - 6 alkenylcarbonylamino Ci- 6 
alkyl groups, C 6 -io aromatic hydrocarbon-C 2 -6 alkenylcarbon- 
ylamino Ci-e alkyl groups, C 6 -io aromatic hydrocarbon- 
carbonylamino Ci- 6 alkyl groups, C 6 -io aromatic hydrocarbon- 
thiocarbonylamino Ci_ 6 alkyl groups, heterocycle- 
carbonylamino Ci- 6 alkyl groups, Ci- 6 alkoxyoxalylamino C a -e 
alkyl groups, N- (C 6 -io aromatic hydrocarbon-sulf onyl ) -N-Ci- 6 
alkylamino Ci_ 6 alkyl groups, Ci_ 6 alkylsulf onylamino Ci- 6 al- 
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kylamino groups, carbamoyloxy Ci- 6 alkyl, groups, N-Ci-e al- 
kylcarbamoyloxy Ci_ 6 alkyl groups, N,N-di(Ci- 6 al- 
kyl) carbamoyloxy Ci- 6 alkyl groups, C 6 -io aromatic hydrocar- 
bon-Ci-e alkylcarbamoyloxy Ci-e alkyl groups, Ci_ 6 alkoxycar- 
bonyloxy-Ci-e alkyl groups, C 6 -io aromatic hydrocarbon oxy- 
carbonyloxy Ci-e alkyl groups, heterocyclic carbonylhydrazo- 
nomethyl groups, C 6 -io aromatic hydrocarbon carbonylhydrazo- 
nomethyl groups, C 2 -e alkenyl groups, carboxy-C 2 -e alkenyl 
groups, Ci-e alkoxycarbonyl-C 2 -6 alkenyl groups, carbamoyl 
C 2 -6 alkenyl groups, heterocycle-C 2 -6 alkenyl groups, formyl 
group, carboxyl group, heterocycle-carbonyl groups, C 6 -io 
aromatic hydrocarbon-carbonyl groups, Ci_ 6 alkoxycarbonyl 
groups, carbamoyl group, N-Ci- 6 alkylcarbamoyl groups, N,N- 
di(Ci_ 6 alkyl) carbamoyl groups, (C3-7 cycloalkyl-Ci- 6 al- 
kyl ) carbamoyl groups, Ci_ 6 alkylthio Ci- 6 alkylcarbamoyl 
groups, Ci-e alkyl sulf inyl Ci- 6 alkylcarbamoyl groups, Ci-6 
alkylsulf onyl Ci- 6 alkylcarbamoyl groups, hydroxyaminocar- 
bonyl group, Ci- 6 alkoxycarbamoyl groups, hydroxy Ci_ 6 alkyl- 
carbamoyl groups, Ci-6 alkoxy Ci_ 6 alkylcarbamoyl groups, 
amino Ci-e alkylcarbamoyl groups, amino Ci_ 6 alkylthiocar- 
bamoyl groups, hydroxy Ci- 6 alkylcarbamoyl groups, Ci- 6 
alkoxycarbonyl Ci- 6 alkylcarbamoyl groups, (Ci- 6 alkoxycar- 
bonylamino) Ci-e alkylcarbamoyl groups, (Ci- 6 alkoxycarbonyl- 
amino)Ci- 6 alkylthiocarbamoyl groups, heterocycle-carbamoyl 
groups, heterocycle-Ci-6 alkylcarbamoyl groups, C 6 -io aro- 



matic hydrocarbon-carbamoyl groups, hydrazinocarbonyl 
groups, N-Ci-6 alkylhydrazinocarbonyl groups, N' -Ci- 6 alkyl- 
hydrazinocarbonyl groups, N' , N' -di (Ci_ 6 al- 
kyl) hydrazinocarbonyl groups, N,N'-di(Ci_ 6 al- 
kyl) hydrazinocarbonyl groups, N, N' , N' -tri (Ci- 6 al- 
kyl) hydrazinocarbonyl groups, N' - (heterocycle-carbonyl) - 
hydrazinocarbonyl groups, amino group, Ci_ 6 alkoxy Ci- 6 al- 
kylamino groups, amino Ci_ 6 alkylamino groups, (Ci- 6 al- 
kylamino Ci_ 6 alkyl) amino groups, N-Ci_ 6 alkylamino Ci-e al- 
kyl-N-Ci-e alkylamino groups, (Ci- 6 alkoxycarbonylamino Ci_ 6 
alkyl) amino groups, (di (Ci- 6 alkyl) amino Ci_ 6 alkyl) amino 
groups, heterocycle-amino Ci- 6 alkylamino groups, carboxyl 
Ci-e alkylamino groups, N-carboxyl Ci_ 6 alkyl-N-Ci_ 6 al- 
kylamino groups, heterocycle-Ci-e alkylamino groups, N- 
(heterocycle-Ci-e alkyl ) -N-Ci_ 6 alkylamino groups, hydroxyCi-e 
alkylamino groups, N-hydroxy Ci-e alkyl-N-Ci- 6 alkylamino 
groups, (Ci-e alkylthio Ci_ 6 alkyl) amino groups, (Ci_ 6 alkyl- 
carbamoyloxy Ci-e alkyl) amino groups, N-Ci- 6 alkylaminocar- 
bonyloxy Ci_ 6 alkyl-N-Ci_ 6 alkylamino groups, Ci_ 6 alkyl- 
sulfinyl Ci- 6 alkylamino groups, Ci_ 6 alkylsulf onyl Ci_ 6 al- 
kylamino groups, groups represented by the formula: - 
N(R 12 )S0 2 R X1 (wherein, R 11 represents a Ci_ 6 alkyl group, het- 
erocyclic group, Ci-e alkyl-heterocyclic group, heterocycle- 
Ci-6 alkyl group, hydroxy Ci- 6 alkyl group, amino Ci- 6 alkyl 
group, Ci-e alkylamino Ci- 6 alkyl group, di (Ci_ 6 alkyl) amino 
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Ci-6 alkyl group, carboxy Ci- 6 alkyl group, carbamoyl Ci- 6 al* 
kyl group, trif luoromethyl group, dif luoromethyl group, 
fluoromethyl group, amino group, Ci_ 6 alkylamino group or 
di (Ci-6 alkyl) amino group, and R 12 represents a hydrogen 
atom, Ci-6 alkyl group, hydroxy group or amino group) , hy- 
droxy Ci-6 alkoxy Ci_ 6 alkylamino groups, C 6 -io aromatic hy- 
drocarbon-Ci-e alkylamino groups, heterocycle-carbonylamino 
groups, Ci-6 alkoxycarbonylamino groups, heterocycle-Ci- 6 al 
kylcarbonylamino groups, C 6 -io aromatic hydrocarbon- 
carbonylamino groups/ heterocycle-amino groups, hydroxy- 
imino group, Ci- 6 alkoxyimino groups, oxo group, hydroxy- 
imino Ci- 6 alkyl groups, Ci- 6 alkoxycarbonyl Ci- 6 alkylamino 
groups, (C 2 -e alkanoylamino Ci_ 6 alkyl) amino groups, C 6 -io 
aromatic hydrocarbon groups, and heterocyclic groups (in 
which, the C 6 -io aromatic hydrocarbon group or heterocycle 
or heterocyclic group may be substituted with 1 to 3 sub- 
stituents selected from halogen atoms, Ci- 6 alkyl groups, 
Ci-6 alkoxy groups, C 2 -e alkenyl groups, formyl group, C 2 _ 6 
alkanoyl groups, carboxyl group, carboxyamino Ci_ 6 alkyl 
groups, Ci-6 alkoxycarbonylamino Ci- 6 alkyl groups, oxo 
group, nitro group, cyano group, amidino group, C 2 - 6 alkeny 
loxy groups, hydroxy group, thioxo group, amino group, Ci- 6 
alkylamino groups, di (Ci- 6 alkyl ) amino groups, amino Ci- 6 al- 
kyl groups, Ci-6 alkoxycarbonyl groups, carbamoyl group, Ci- 
alkylcarbamoyl groups, di (Ci_ 6 alkyl ) carbamoyl groups, thio 
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carbamoyl group, Ci- 6 alkylthiocarbamoyl groups, di (Ci- 6 al- 
kyl) thiocarbamoyl groups, C 2 -e alkanoylamino groups, C 2 - 6 al- 
kanoyl (Ci- 6 alkyl) amino groups, thio C 2 -e alkanoylamino 
groups, thio C 2 -e alkanoyl (Ci_ 6 alkyl) amino groups, for- 
mylamino group, formyl (Ci- 6 alkyl) amino groups, thiofor- 
mylamino group, thioformyl (Ci-e alkyl) amino groups, C 2 -e al- 
kanoyloxy groups, formyloxy group, mercapto group, Ci- 6 al- 
kylthio groups, Ci- 6 alkylsulf inyl groups, Ci- 6 alkylsulf onyl 
groups, aminosulfonyl groups, Ci- 6 alkylaminosulf onyl 
groups, di(Ci- 6 alkyl) aminosulfonyl groups, Ci- 6 alkylsulfon- 
ylamino groups, Ci- 6 alkylsulf onyl (Ci- 6 alkyl) amino groups, 
and hydroxy Ci- 6 alkyl groups) . 
[0032] 

The heterocyclic group represented by R 2 is prefera- 
bly substituted with 1 to 3, more preferably 2 subs titueriLa 
selected from halogen atoms, cyano group, Ci- 6 alkyl groups, 
hydroxy group, Ci- 6 alkoxy groups, C 2 _ 6 alkenyloxy groups, 
carboxy Ci- 6 alkyl groups, Ci-e alkoxycarbonyl Ci- 6 alkyl 
groups, hydroxy Ci- 6 alkyl groups, C 6 -io aromatic hydrocar- 
bon-sulfonyl Ci- 6 alkyl groups, heterocycle-Ci- 6 alkyl 
groups, C 6 -io aromatic hydrocarbon-Ci_ 6 alkyl groups, C 6 -io 
aromatic hydrocarbon- thio Ci- 6 alkyl groups, azido-Ci- 6 alkyl 
groups, amino Ci- 6 alkyl groups, di (Ci_ 6 alkyl) amino Ci_ 6 al- 
kyl groups, di (Ci-e alkoxy Ci- 6 alkyl) amino Ci-e alkyl groups, 
C 2 -e alkanoylamino Ci- 6 alkyl groups, di (C 2 -e alkanoyl ) amino 



Ci-6 alkyl groups, Ci- 6 alkoxycarbonylamino Ci_ 6 alkyl groups, 
di (Ci-6 alkoxycarbonyl) amino Ci_ 6 alkyl groups, (N,N-di(Ci- 6 
alkyl) carbamoyl) amino Ci_ 6 alkyl groups, N-Ci_ 6 alkylsulfon- 
ylamino Ci- 6 alkyl groups, (di (Ci- 6 alkyl ) aminosulf onyl ) amino 
Ci-6 alkyl groups, C 6 -io aromatic hydrocarbon-sulf onylamino- 
C 2 -6 alkanoylamino Ci-e alkyl groups, N,N-di(Ci_ 6 al- 
kyl) aminoCi-6 alkylcarbonylamino Ci_ 6 alkyl groups, heterocy- 
cle-Ci-e alkylcarbonylamino Ci- 6 alkyl groups, heterocycle- 
C 2 -6 alkenylcarbonylamino Ci-e alkyl groups, C 6 -io aromatic 
hydrocarbon-carbonylamino Ci-e alkyl groups, C 6 -io aromatic 
hydrocarbon-thiocarbonylamino Ci- 6 alkyl groups, heterocy- 
cle-carbonylamino Ci- 6 alkyl groups, Ci- 6 alkoxyoxalylamino 
Ci-e alkyl groups, N- (C 6 -io aromatic hydrocarbon-sulf onyl ) -N- 
C1-6 alkylamino Ci_ 6 alkyl groups, Ci- 6 alkylsulf onylamino Ci- 6 
alkylamino groups, N,N-di(Ci_ 6 alkyl ) carbamoyloxy C x - 6 alkyl 
groups, Ce-10 aromatic hydrocarbon-Ci- 6 alkylcarbamoyloxy Ci-6 
alkyl groups, Ci_ 6 alkoxycarbonyloxy-Ci-e alkyl groups, C 6 -io 
aromatic hydrocarbon-oxycarbonyloxy Ci-e alkyl groups, car- 
boxy-C 2 -e alkenyl groups, Ci_ 6 alkoxycarbonyl-C 2 -6 alkenyl 
groups, carbamoyl C 2 - 6 alkenyl groups, heterocycle-C 2 -6 al- 
kenyl groups, formyl group, carboxyl group, heterocycle- 
carbonyl groups, Ci- 6 alkoxycarbonyl groups, carbamoyl 
group, N,N-di(Ci- 6 alkyl ) carbamoyl groups, (C3-7 cycloalkyl- 
Ci_6 alkyl) carbamoyl groups, Ci- 6 alkylthio Ci-e alkylcar- 
bamoyl groups, Ci_ 6 alkylsulf inyl Ci-e alkylcarbamoyl groups, 



Ci-6 alkylsulfonyl Ci- 6 alkylcarbamoyl groups, Ci- 6 alkoxycar- 
bamoyl groups, amino Ci- 6 alkylcarbamoyl groups, amino Ci_ 6 
alkylthiocarbamoyl groups, hydroxy Ci- 6 alkylcarbamoyl 
groups, Ci-6 alkoxycarbonyl Ci_ 6 alkylcarbamoyl groups, (Ci_ 6 
alkoxycarbonylamino) Ci-6 alkylcarbamoyl groups, (Ci- 6 alkoxy- 
carbonylamino) Ci-6 alkylthiocarbamoyl groups, heterocycle- 
carbamoyl groups, heterocycle-Ci_ 6 alkylcarbamoyl groups, 
N' , N' -di (Ci-6 alkyl) hydrazinocarbonyl groups, N' - 
(heterocycle-carbonyl) -hydrazinocarbonyl groups, amino 
group, Ci-6 alkoxy Ci_ 6 alkylamino groups, amino Ci_ 6 al- 
kylamino groups, Ci_ 6 alkylamino C x - 6 alkylamino groups, (Ci- 
alkylamino Ci- 6 alkyl) (Ci_ 6 alkyl) amino groups, Ci_ 6 alkoxy- 
carbonylamino Ci_ 6 alkylamino groups, di (Ci- 6 alkyl)' amino Ci_ 
alkylamino groups, heterocycle-amino Ci_ 6 alkylamino groups, 
carboxyl Ci_ 6 alkylamino groups, (carboxyl Ci_ 6 alkyl) (Ci- 6 
alkyl) amino groups, heterocycle-Ci_ 6 alkylamino groups (het- 
erocycle-Ci-e alkyl) (Ci_ 6 alkyl) amino groups, hydroxy C X - 6 al- 
kylamino groups, (hydroxy Ci- 6 alkyl) (Ci- 6 alkyl) amino 
groups, Ci-6 alkylthio Ci- 6 alkylamino groups, Ci- 6 alkylami- 
nocarbonyloxy Ci- 6 alkylamino groups, (Ci- 6 alkylaminocarbon 
yloxy Ci-6 alkyl) (Ci_6 alkyl) amino groups, Ci_ 6 alkylsulf inyl 
Ci_6 alkylamino groups, Ci- 6 alkylsulfonyl Ci- 6 alkylamino 
groups, groups represented by the formula: -N (R 12 ) SO2R 11 
(wherein, R 11 represents a Ci- 6 alkyl group, heterocyclic 
group, Ci-6 alkyl-heterocyclic group, heterocycle-Ci_ 6 alkyl 



group, hydroxy Ci_ 6 alkyl group, amino Ci-e alkyl group, Ci- 6 
alkylamino Ci- 6 alkyl group, di(Ci_ 6 alkyl) amino Ci- 6 alkyl 
group, carboxy Ci_ 6 alkyl group, carbamoyl Ci- 6 alkyl group, 
trif luoromethyl group, dif luoromethyl group, fluoromethyl 
group, amino group, Ci_ 6 alkylamino group or di (Ci_ 6 al- 
kyl) amino group, and R 12 represents a hydrogen atom, Ci-e 
alkyl group, hydroxy group or amino group) , hydroxy Ci_ 6 
alkoxy Ci- 6 alkylamino groups, C 6 -io aromatic hydrocarbon-Ci- 6 
alkylamino groups, heterocycle-carbonylamino groups, Ci_ 6 
alkoxycarbonylamino groups , heterocycle-alkylcarbonylamino 
groups, C 6 -io aromatic hydrocarbon-carbonylamino groups, oxo 
group, hydroxyimino Ci- 6 alkyl groups, Ci- 6 alkoxycarbonyl 
Ci-e alkylamino groups, (C 2 -e alkanoylamino Ci_ 6 alkyl) amino 
groups, C 6 -io aromatic hydrocarbon groups, and heterocyclic 
groups (in which, the C 6 -io aromatic hydrocarbon group or 
heterocyclic group may be substituted with 1 to 3 substitu- 
ents selected from halogen atoms, Ci- 6 alkyl groups, Ci_ 6 
alkoxy groups, C 2 -6 alkanoyl groups, oxo group, nitro group, 
cyano group, hydroxy group, amino Ci- 6 alkyl groups, Ci- 6 
alkoxycarbonyl groups, formylamino group, and hydroxy Ci- 6 
alkyl groups) . 
[0033] 

As R 2 , more preferred is a group represented by the 
following formula : 
[0034] 
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[Chemical formula 2] 



R 



13 




N 



R 



10 



R 



12 



[0035] 



(wherein, R 10 represents a hydrogen atom, Ci- 6 alkyl group, 
hydroxy Ci_ 6 alkyl group, Ci- 6 alkylsulf inyl Ci- 6 alkyl group, 
Ci-6 alkylsulfonyl d- 6 alkyl group, carboxy Ci_ 6 alkyl group, 
heterocycle-Ci-e alkyl group, or a group represented by the 
formula: -SO2-R 11 (in which, R 11 represents a Ci- 6 alkyl, 
heterocyclic, Ci_ 6 alkyl-heterocyclic, heterocycle-Ci_ 6 al- 
kyl, hydroxy Ci_ 6 alkyl, amino Ci- 6 alkyl, Ci_ 6 alkylamino Ci- 6 
alkyl, di (Ci-6 alkyl) amino Ci_ 6 alkyl, carboxy Ci- 6 alkyl, 
carbamoyl Ci- 6 alkyl, trif luoromethyl, dif luoromethyl , 
f luoromethyl, amino, Ci- 6 alkylamino, or di (Ci- 6 alkyl) amino 
group) , R 12 represents a hydrogen atom, Ci-e alkyl group, 
hydroxy group, or amino group, or R 11 and R 12 may, taken to- 
gether with a sulfur atom to which R 11 is attached and a 
nitrogen atom to which R 12 is attached, form a 5- or 6- 
membered aliphatic heterocycle, and R 13 represents a Ci- 6 
alkyl group, halogen atom or cyano group) . 

As R 2 , a group represented by the following formula: 

[0036] 

[Chemical formula 3] 
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[0037] 

(wherein, R 13 represents a Ci_ 6 alkyl group, halogen atom or 
cyano group and n stands for an integer of from 0 to 6) is 
also preferred. 
[0038] 

As R 4 , a hydrogen atom is especially preferred. As 
X, -S0 2 - and -SO- are preferred from the standpoint of its 
pharmacological effect, of which -S0 2 - is especially pre- 
ferred from the standpoint of its pharmacological effect. 
[0039] 

Substituents for the aromatic hydrocarbon group or 
aromatic heterocyclic group represented by R- 1 or R 3 , and 
substituents for the saturated or unsaturated monocyclic 
heterocyclic group or unsaturated polycyclic heterocyclic 
group represented by R 2 will next be described specifi- 
cally. 
[0040] 

The term "heterocycle" means a cycle having from 1 to 
4 hetero atoms (N, O, S, etc.) as a component of its cyclic 
structure and it may be any one of a saturated, unsaturated 
or aromatic cycle, or may be either one of a monocyle or 
polycycle. The polycyclic heterocycle embraces a hetero- 
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cyclic spiro compound and a heterocyclic compound having a 
crosslinked cyclic structure. The term "heterocycle" in 
the description of "heterocycle-Ci- 6 alkyl group" and the 
like means a heterocyclic group introduced from the above- 
described heterocycle. The term "heterocyclic group" means 
a monovalent group introduced from "heterocycle". 
[0041] 

Examples of the saturated monocylic heterocyclic 
group include 3- to 7-membered ones having 1 to 4 atoms se- 
lected from nitrogen, oxygen and sulfur atoms. Specific 
examples include pyrrolidinyl, tetrahydrof uranyl, oxetanyl, 
tetrahydrothienyl, piper idinyl, piperazinyl, homopiperaz- 
inyl, morpholinyl, thiomorpholinyl , oxiranyl, thiolanyl, 
dioxanyl, aziridinyl, imidazolidinyl, pyrazolidinyl, tetra- 
hydropyranyl, tetrahydrothiopyranyl , oxazol idinyl, thia- 
zol idinyl, i soxazol idinyl , isothi a zol idinyl, dioxolanyl, 
oxathiolanyl, and hexahydropyrimidinyl groups. 
[0042] 

Examples of the unsaturated or aromatic monocyclic 
heterocyclic group include 4- to 7-membered ones having 1 
to 4 atoms selected from nitrogen, oxygen and sulfur atoms. 
Specific examples include pyrrolyl, furyl, thienyl, pyra- 
zolyl, imidazolyl, triazolyl, oxazolyl, thiazolyl, isoxa- 
zolyl, isothiazolyl, triazinyl, tetrazolyl, thiadiazolyl, 
oxadiazolyl, pyridyl, pyrimidinyl, pyrazinyl pyridazinyl, 
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pyrrolidinyl, imidazolidinyl, pyrazolidinyl, oxazolidinyl, 
thiazolidinyl, isoxazolidinyl , isothiazolidinyl, pyranyl, 
dihydropyridyl , tetrahydropyridyl , dihydropyridazinyl , di- 
hydropyrimidinyl, tetrahydropyridazinyl and tetrahydro- 
pyrimidinyl . 
[0043] 

Examples of the polycyclic heterocyclic group include 
8- to 14-membered ones having 1 to 4 atoms selected from 
nitrogen, oxygen and sulfur atoms. Specific examples in- 
clude benzofuranyl, benzothiazolyl, indolyl, quinolyl, iso- 
quinolyl, benzopyranyl, benzoxazolyl , benzothiazolyl, ben- 
zimidazolyl , benzodioxanyl , benzothiophenyl , benzisothia- 
zolyl, benzisoxazolyl, chromenyl, chromanyl, isochromenyl, 
isochromanyl, indolinyl, indazolyl, indolizinyl, isoindo- 
lyl, isoindolinyl, quinolizinyl, quinoxalinyl, quina- 
zolinyl, cinnolinyl, phthalazinyl , naphthyridinyl , purinyl, 
tetrahydrothiazolopyridyl, imidazopyridyl, pyrrolopyridyl , 
carbazolyl, xanthenyl, acridinyl, phenazinyl, phenoxazinyl, 
phenothiazinyl and quinuclidinyl groups. 
[0044] 

The term "halogen atoms" means chlorine, fluorine, 
bromine and iodine atoms, of which chlorine and fluorine 
atoms are preferred. 
[0045] 

The term N> Ci_ 6 alkyl group" means a linear or branched 



Ci-6 alkyl group. Specific examples of the alkyl group in- 
clude methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu- 
tyl, s-butyl, t-butyl, n-pentyl, 2-methylpentyl and n- 
hexyl . 
[0046] 

The term "Ci- 6 alkylene group" means a linear or 
branched Ci_ 6 alkylene group. Specific examples of the al- 
kylene group include methylene, ethylene, propylene, 
trimethylene, tetramethylene, pentamethylene and hexame- 
thylene. 
[0047] 

The term x> C 2 -e alkenyl group" means a linear or 
branched C 2 _ 6 alkenyl group. Specific examples of the al- 
kenyl group include vinyl, allyl, propenyl, butenyl and 
pentenyl . 
[0048] 

The term XX C 2 _ 6 alkenylene group" means a linear or 
branched C 2 _ 6 alkenylene group. Specific examples of the 
alkenylene group include vinylene, propenylene, butenine, 
and pentenylene. 
[0049] 

Examples of the "C 3 -7 cycloalkyl group" include C 3 - 7 
cycloalkyl groups such as cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and cycloheptyl. 
[0050] 



Examples of the C4-7 cycloalkenyl group include C4-1 
cycloalkenyl groups such as cyclopentenyl and cyclohexenyl . 
[0051] 

Examples of the combination of a cycloalkyl group and 
an alkyl group include cycloalkyl-alkyl groups, of which 
C3-7 cycloalkyl-Ci_6 alkyl groups are especially preferred. 
[0052] 

The term "C1-7 alkoxy group" means an alkoxy group 
having the above-described alkyl or cycloalkyl group- Ex- 
amples include methoxy, ethoxy, propoxy, isopropoxy, bu- 
toxy, isobutoxy, pentoxy, cyclopentyloxy, cyclohexyloxy, 
and cycloheptyloxy . 
[0053] 

The term "C 2 -6 alkanoyl group" means a linear or 
branched C 2 -e alkanoyl group and examples include acetyl, 
propionyl, butyryl, valeryl, and hexanoyl . 
[0054] 

As R 1 , 2, 5-dif luorophenyl or 2-f luoro-5-cyanophenyl 
group is especially preferred. As R 3 , 4-chlorophenyl , 4- 
f luorophenyl, 2, 4-dif luorophenyl, 3, 4-dif luorophenyl, 3- 
f luoro-4-chlorophenyl, 4-trif luoromethylphenyl, 5-chloro-2- 
thienyl, 5-chloro-2-pyridyl, 6-chloro-3-pyridyl and 6- 
trif luoromethyl-3-pyridyl groups are especially preferred. 
[0055] 

The compounds of the present invention represented by 
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the formula (1) may have a stereoisomer or an enantiomer 
derived from an asymmetric hydrocarbon. Any one of the 
stereoisomer and enantiomer, and mixture thereof are all 
embraced in the present invention. The S-oxide of the com- 
pound of the invention exists when the heterocyclic group 
contains a sulfur atom. Either one of a monoxide or diox- 
ide is embraced in the S-oxide. • 
[0056] 

No particular limitation is imposed on the salt of 
the compound of the present invention represented by the 
formula (1) insofar as it is a pharmaceutically acceptable 
salt. Specific examples of the salt include mineral acid 
salts such as hydrochloride, hydrobromide, hydroiodide, 
phosphate, nitrate and sulfate, organic sulfonates such as 
methanesulf onate, 2-hydroxyethanesulf onate and p- 
toluenesulf onate, and organic carboxylates such as benzo- 
ate, acetate, propanoate, oxalate, malonate, succinate, 
glutarate, adipate, tartrate, maleate, malate and mande- 
late. 
[0057] 

When the compound represented by the formula (1) has 
an acid group, the compound may be a salt of an alkali 
metal ion or alkaline earth metal ion. No particular limi 
tation is imposed on the solvate insofar as it is pharma- 
ceutically acceptable. Specific examples of it include hy 



drates and ethanol solvates. 
[0058] 

Preparation processes of the compounds of the present 
invention represented by the formula (1) will next be de- 
scribed. 

The compounds of the present invention represented by 
the formula (1) or salts thereof, or solvates thereof can 
be prepared using generally known chemical preparation 
processes in combination. Typical synthesis processes will 
next be described. 
[0059] 

Typical preparation processes of a sulfide compound 
(la), a sulfinyl compound (lb) and a sulfonyl compound (lc) 
according to the present invention represented by the for- 
mula (1) will hereinafter be described. 
[0060] 

1) Preparation process of sulfide compound (la) 

The sulfide compound (la) in the present invention 
can be prepared by the below-described process. 
[0061] 

[Chemical formula 4] 




[0062] 

(wherein, Y represents an eliminating group and R 1 to R 4 
have the same meanings as described above.) 
[0063] 

The sulfide compound (la) of the present invention 
can be prepared by transferring an alcohol derivative (2) 
to a compound (3), and then reacting the resulting compound 

(3) with a thiol compound (R 3 -SH) in the presence of a 
base. In this case, the thiol compound may be used as an 
alkali metal or alkaline earth metal salt (for example, 
lithium salt, sodium salt or potassium salt) . 

[0064] 

The reaction temperature of the compound (3) and 
thiol compound" (R 3 -SH) is usually from -20 to 200°C, pref- 
erably from room temperature to 100°C. The reaction tem- 
perature higher than the above-described range is sometimes 
preferred, depending on the compound (3) or thiol compound 
(R 3 -SH) . The reaction in a sealed tube is sometimes pre- 
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f erred. The reaction time usually ranges from 0.5 hour to 

a day. 

[0065] 

Examples of the base include hydrides of an alkali 
metal or alkaline earth metal (such as lithium hydride, so- 
dium hydride, potassium hydride and calcium hydride) ; am- 
ides of an alkali metal or alkaline earth metal (such as 
lithium amide, sodium amide, lithium diisopropylamide, 
lithium dicyclohexylamide, lithium hexamethyldisilazide, 
sodium hexamethyldisilazide and potassium hexamethyldisi- 
lazide) ; lower alkoxides of an alkali metal or alkaline 
earth metal (such as sodium methoxide, sodium ethoxide and 
potassium t-butoxide) ; hydroxides of an alkali metal, alka- 
line earth metal or silver (such as silver hydroxide, so- 
dium hydroxide, potassium hydroxide, lithium hydroxide and 
barium hydroxide) ; carbonates of an alkali metal, alkaline 
earth metal or silver (sodium carbonate, potassium carbon- 
ate, cesium carbonate and silver carbonate) ; bicarbonates 
of an alkali metal (such as sodium bicarbonate and potas- 
sium bicarbonate) ; alkyl lithiums (such as n-butyl lithium) 
or alkyl Grignard reagents (such as methyl magnesium bro- 
mide) ; inorganic bases such as silver oxide, or amines 
(such as triethylamine, diisopropylethylamine and N- 
methylmorpholine) ; and organic bases, for example, basic 
heterocyclic compounds (such as dimethylaminopyridine, 
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pyridine, imidazole, 2, 6-lutidine, collidine, 1,8- 
diazabicyclo [5 . 4 . 0] undece-7-en, 1, 5-diazabicyclo [4.3 . 0] non- 
5-en, and 1 , 4-diazabicyclo [2 . 2 . 2 ] octane ) . 
[0066] 

Examples of the solvent include alcohol solvents, 
ether solvents, halogen solvents, aromatic solvents, ni- 
trile solvents, amide solvents, ketone solvents, sulfoxide 
solvents and water. Two of these solvents may be used as a 
mixture. Of these, methylene chloride, tetrahydrof uran and 
dimethylf ormamide are preferred. 
[0067] 

The alcohol derivative (2) used in the above- 
described preparation step can be prepared in a known man- 
ner. Various processes are known and one example will next 
be described. The alcohol derivative (2) is available by 
adding an organometal reagent (typically, an organolithium 
reagent represented by R 2 -Li , or a Grignard reagent repre- 
sented by R 2 -MgCl, R 2 -MgBr or the like) in an amount of 
from equivalent to excess to an aldehyde or ketone repre- 
sented by R 1 (C=0)-R 4 in a solvent such as tetrahydrof uran 
or diethyl ether to react them. The above-described or- 
ganometal reagent can be readily prepared, for example, 
when R 2 represents an aromatic hydrocarbon group or an aro- 
matic heterocyclic group, by adding an alkyl lithium re- 
agent or alkyl Grignard reagent to an aryl halide or a het- 



eroaryl halide to cause metal exchange, as reported in the 
thesis of H. Gilman, et . al . , J. Org, Chem., 1_6, 1788- 
1791(1951), or in the thesis of F. Trecourt, et al . , Tetra- 
hedron, 56, 1349-1460(2000). 
[0068] 

The compound (3) having an eliminating group Y can be 
prepared by converting the hydroxyl group of the alcohol 
derivative (2) to an eliminating group in a known manner. 
Examples of the eliminating group represented by Y include 
halogen atoms (such as chlorine, bromine and iodine) , Ci- 6 
alkylsulfonyloxy groups which may be halogenated (such as 
methanesulfonyloxy, ethanesulf onyloxy and trif luoromethane- 
sulfonyloxy) , and C 6 -io aromatic hydrocarbon sulfonyloxy 
groups which may have a substituent. Substituents for the 
aromatic hydrocarbon sulfonyloxy group include 1 to 3 halo- 
gen atoms, Ci-6 alkyl groups which may be halogenated and 
Ci-6 alkoxy groups. Preferred examples of the eliminating 
group include benzenesulf onyloxy, p-toluenesulf onyloxy, 1- 
naphthalenesulf onyloxy and 2-naphthalensulf onyloxy . 
[0069] 

As an alternate synthesizing process of the sulfide 
compound (la) , the Mitsunobu reaction between the alcohol 
derivative (2) and a thiol compound (R 3 -H) can be mentioned. 
Described specifically, the compound (la) can be prepared 
by reacting between the alcohol derivative (2) and 1 to 3 



equivalents of the thiol compound (R 3 -SH) in a solvent in 
the presence of both 1 to 3 equivalents of a triaryl- . 
phosphine (such as triphenylphosphine) or trialkylphosphine 

(such as tributylphosphine) and 1 to 2 equivalents of an 
azodicarboxylic acid compound (such as diethyl azodicar- 
boxylate, diisopropyl azodicarboxylate, azodicarboxylic 
acid dipiperidineamide or azodicarboxylic acid bisdimethyl- 
amide) . 

[0070] 

The reaction temperature is usually from -20°C to 
150°C, preferably from 0 to 80°C. The reaction time usu- 
ally ranges from 0.5 hour to 5 days. Examples of the sol- 
vent include ether solvents, halogen solvents and aromatic 
solvents. Two or more of these solvents may be used as a 
mixture. Of these, tetrahydrof uran is preferred. 
[0071] 

2) Preparation process of sulfinyl compound (lb) 

The sulfinyl compound (lb) in the present invention 
can be prepared, as described below, by oxidizing the sul- 
fide compound (la) with an oxidizing agent in a solvent. 
[0072] 

[Chemical formula 5] 
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[0073] 

(wherein, R 1 to R 4 each has the same meaning as described 

above) . 

[0074] 

The reaction temperature usually ranges from -20°C to 
200°C, preferably from 0 to 100°C. The reaction time usu- 
ally ranges from 0.1 hour to 7 days, preferably from 0.5 
hour to 2 days. Examples of the solvent include alcohol 
solvents, ether solvents, halogen solvents, aromatic sol- 
vents, nitrile solvents, amide solvents, ketone solvents, 
sulfoxide solvents and water. Two or more of these sol- 
vents may be used as a mixture. Of these, methylene chlo- 
ride, chloroform, methanol and ethanol are preferred. 
[0075] 

Examples of the oxidizing agent include hydrogen per- 
oxide, organic peracid compounds (such as peracetic acid 
and meta-chloroperbenzoic acid), metaperiodates (such as 
sodium metaperiodate) , acyl nitrate, dinitrogen tetroxide, 
halogens, N-halogen compounds (such as N-chlorosuccinimide 
and N-bromosuccinimide) , hydroperoxides (such as t- 



butylhydroperoxide) , iodobenzene diacetate, iodobenzene di- 
chloride, t-butyl hypochlorite, sulfuryl chloride, singlet 
oxygen, ozone, selenium oxide, and seleninic acid. 
[0076] 

Specific reaction conditions are as follows. The 
sulfinyl compound (lb) can be prepared by treating the sul- 
fide compound (la) with from 1 to 2 equivalents of meta- 
chloroperbenzoic acid, sodium periodate or hydrogen perox- 
ide in a solvent such as methylene chloride, tetrahydrof u- 
ran-water, methanol or the like at 0 to 100°C for about 1 
hour to 2 days . 
[0077] 

An optically active sulfoxide (lb) can be prepared by 
using titanium tetraisopropoxide/optically pure diethyl 
tart r ate/ t-butylhydroperoxide, titanium tetraisopropox- 
ide/optically pure diethyl tartrate/peracetic acid or the 
like as the oxidizing agent. 
[0078] 

3-1) Preparation process of sulfonyl compound (1c) 

The sulfonyl compound (lc) in the present invention 
can be prepared, as described below, by oxidizing the sul- 
fide compound (la) or sulfinyl compound (lb) with an oxi- 
dizing agent in a solvent. 
[0079] 

[Chemical formula 6] 
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[0080] 

(wherein, R 1 to R 4 each has the same meaning as described 

above) . 

[0081] 

The reaction temperature is usually from -20°C to 
150°C / preferably from 0°C to 100°C and the reaction time 
usually ranges from 0.1 hour to 7 days, preferably from 1 
hour to 5 days . 
[0082] 

Examples of the solvent include alcohol solvents, 
ether solvents, halogen solvents, aromatic solvents, car- . 
boxylic acid solvents, nitrile solvents, amide solvents, 
ketone solvents, sulfoxide solvents and water. Two or more 
of them may be used as a mixture. Of these, methylene 
chloride, chloroform, methanol, ethanol, acetic acid, water 
and the like are preferred. 
[0083] 

Examples of the oxidizing agent include hydrogen per- 
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oxide, hydrogen peroxide - transition metal catalyst (such 
as ammonium molybdate or iron (III) chloride), organic per- 
acid compounds (such as peracetic acid and meta- 
chloroperbenzoic acid) , metaperiodates (such as sodium 
metaperiodate) , potassium peroxysulf ate, permanganates 
(such as potassium permanganate) , sodium perborate, halo- 
gens, N-halogen compounds (such as N-chlorosuccinimide and 
N-bromosuccinimide) , hydroperoxides (such as t- 
butylhydroperoxide) , iodobenzene diacetate, iodobenzene di- 
chloride, hypochlorites (such as sodium hypochlorite or t- 
butyl hypochlorite) , singlet oxygen, ozone, selenium oxide, 
and seleninic acid. The preferred example of the reaction 
conditions include reaction of the sulfide compound (la) 
with from 2 to 5 equivalents of an oxidizing agent (such as 
meta-chloroperbenzoic acid, sodium periodate, hydrogen per- 
oxide or hydrogen peroxide-ammonium molybdate) in methylene 
chloride, tetrahydrof uran-water or methanol at from 0 to 
100°C for from about 1 hour to 5 days. 
[0084] 

3-2) Preparation process of sulfonyl compound (1c) 

The sulfonyl compound (lc) can also be prepared by 
the below-described process. 
[0085] 

[Chemical formula 7] 
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[0086] 

[wherein, Y 1 represents an eliminating group or a hydroxyl 
group and R 1 to R 4 each has the same meaning as described 
above] . 
[0087] 

The sulfonyl compounds (lc) having a variety of 
groups as R 2 can each be prepared by reacting the sulfonyl 
compound (Id), which can be prepared in a known method or 
in accordance with the known method, with an electrophilic 
reagent (R 2 -^ 1 ) in the presence of a base. 
[0088] 

Described specifically, the compound (Id) is reacted 
with an equivalent to excess amount of R 2 -Y x in the pres- 
ence of an equivalent to excess amount of a base. The re- 
action temperature usually ranges from -78°C to 200°C and 
the reaction time usually ranges from 0.5 hour to 1 day. 
[0089] 

As the solvent, ether solvents, halogen solvents, 
aromatic solvents, nitrile solvents, amide solvents and the 



like can be used either singly or in combination. Of 
these, tetrahydrofuran, dime thoxye thane, diethyl ether, di- 
methyl formamide, toluene and the like are preferred* 
[0090] 

Examples of the eliminating group represented by Y 1 
include halogen atoms (such as chlorine, bromine and io- 
dine) , Ci-6 alkylsulf onyloxy groups which may be halogenated 

(such as methanesulf onyloxy, ethanesulf onyloxy and 
trif luoromethanesulf onyloxy) and C 6 -io aromatic hydrocarbon 
sulf onyloxy groups which may have a substituent. Examples 
of the substituent for the aromatic hydrocarbon sulfonyloxy 
group include 1 to 3 halogen atoms, Ci_ 6 alkyl groups which 
may be halogenated and Ci_ 6 alkoxy groups. Specific of the 
C 6 -io aromatic hydrocarbon sulfonyloxy groups which may have 
a substituent include benzenesulf onyloxy, p- 
toluenesulf onyloxy, 1-naphthalenesulf onyloxy and 2- 
naphthalensulf onyloxy. 

[0091] 

Examples of the base include alkyl lithiums (such as 
n-butyl lithium, s-butyl lithium and t-butyl lithium) , hy- 
drides of an alkali metal or alkaline earth metal (such as 
lithium hydride, sodium hydride, potassium hydride and cal- 
cium hydride) , amides of an alkali metal or alkaline earth 
metal (such as lithium amide, sodium amide, lithium diiso- 
propylamide, lithium dicyclohexylamide, lithium hexame- 



thyldisilazide, sodium hexamethyldisilazide and potassium 
hexamethyldisilazide) , lower alkoxides of an alkali metal 
or alkaline earth metal (such as sodium methoxide, sodium 
ethoxide and potassium t-butoxide) , hydroxides of an alkali 
metal, alkaline earth metal or silver (such as silver hy- 
droxide, sodium hydroxide, potassium hydroxide, lithium hy- 
droxide and barium hydroxide) , carbonates of an alkali 
metal,, alkaline earth metal or silver (sodium carbonate, 
potassium carbonate, cesium carbonate and silver carbon- 
ate) , bicarbonates of an alkali metal (such as sodium bi- 
carbonate and potassium bicarbonate), and silver oxide. 
[0092] 

3-3) Preparation process of sulfonyl compound (lc) 

The sulfonyl compound (lc) in the present invention 
can be also be prepared, as described below, by reacting 
the compound (3) with an alkali metal, alkaline earth metal 
or tetrabutylammonium salt of a sulfinic acid represented 
by R 3 -S0 2 ~ M + (5) . 
[0093] 

[Chemical formula 8] 




0 




M+ 



\ 




0" 



(5) 



Y 



(3) 



(1c) 



[0094] 

(wherein, Y represents an eliminating group, M + represents 
a metal ion, and R 1 to R 4 each has the same meaning as de- 
scribed above) . 
[0095] 

Described specifically, the compound (3) is reacted 
with an equivalent to excess amount of sulfinic acid or 
salt thereof (5) in a solvent. The reaction temperature 
usually ranges from -20°C to 200°C, preferably from room 
temperature to 100°C. A reaction temperature higher than 
the above-described range is sometimes preferred, depending 
on the kind of the compound (3) or sulfinate (5) . The re- 
action in a sealed tube is sometimes preferred. The reac- 
tion time usually ranges from 0.5 hour to 3 days, prefera- 
bly from 0.5 hour to 1 day. 
[0096] 

Examples of the solvent include alcohol solvents, 
ether solvents, halogen solvents, aromatic solvents, ni- 
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trile solvents, amide solvents, ketone solvents , sulfoxide 
solvents and water. These solvents may be used as a mix- 
ture. Of these, butanol, dime thoxye thane, N- 
methylpyrrolidone, dimethyl formamide and the like are pre- 
ferred. 
[0097] 

In the above-described preparation processes of the 
compound (1) according to the present invention, a sub- 
stituent such as nitrogen atom, hydroxyl group or carboxyl 
group sometimes needs protection and in this case, a gener- 
ally known protecting group which can be removed as needed 
can be employed. The protecting group can be eliminated by 
the general organic chemical method if necessary. 
{0098] 

One or more substituents in R 1 to R 4 of the sulfide 
compound (la), sulfinyl compound (lb) and sulfonyl compound 
(lc) prepared in any one of the above-described processes 
can be subjected to further structure conversion. For ex- 
ample, when the compound has, in any one of R 1 to R 4 , a 
substituent substituted with a 1, 3-dioxolan-2-yl group, it 
can be converted into a compound substituted with a formyl 
group by the hydrolysis in a known manner. When the com- 
pound has, in any one of R 1 to R 4 , a substituent substi- 
tuted with a bromo group, it can be converted into a com- 
pound substituted with a formyl group in a known manner. 



The formyl group can be converted into, in a known manner, 
a carboxylic acid, substituted or unsubstituted aminomethyl 
group, hydroxymethyl group, 2- ( alkoxycarbonyl ) ethenyl group 
or the like. Moreover, the hydroxyl group portion of the 
hydroxymethyl group can be converted into ester, carbonate, 
carbamate, halogen, nitrile, sulfonate or the like group in 
a known manner. Furthermore, these groups can be converted 
into an alkoxy, amine, amide, carboxylic acid, sulfide or 
the like group. The 2- (alkoxycarbonyl) ethenyl group can be 
converted into a 2-carboxyethyl group or the like in a 
known manner. Not only the above-described groups but also 
various functional groups besides a hydroxyl group can be 
subjected to such conversion. Conversion can be carried out 
based on the known technique. Described specifically, when 
R 2 represents a 2-chloro-4-pyridyl group, by reacting the 
compound with an amine such as alkylamine, dialkylamine, 
benzylamine, pyrrolidine, piperidine or morpholine, a pyri- 
dine derivative having the chloro group at the 2-position 
substituted with the above-described amine can be prepared. 
In this case, use of 3, 4-dimethoxybenzylamine yields a 3,4- 
dimethoxybenzylaminopyridine, and treatment of the result- 
ing compound with trif luoroacetic acid or cerium diammonium 
nitrate yields a 2-aminopyridine derivative. Moreover, 
treatment of the 2-aminopyridine derivative with methane- 
sulfonyl chloride in the presence of pyridine converts it 



into a 2-methanesulf onylaminopyridine derivative. In these 
conversion steps, reagents, solvents and reaction condi- 
tions known to those skilled in the art may be used. 
[0099] 

The compounds (1) of the present invention prepared 
by the above-described process can be introduced into their 
salts or solvates by the ordinary process. 
[0100] 

The compounds (1) of the present invention strongly 
inhibit production or secretion of p-amyloid protein so 
that they are useful as a medicament for preventing or 
treating diseases resulting from abnormal production or se- 
cretion of (3-amyloid protein such as Alzheimer disease and 
Down syndrome or the other diseases associated with amyloid 
deposition. 
[0101] 

When the compound of the present invention is used as 
a medicament for human, the adult daily dose ranges from 1 
mg to 1 g, preferably from 10 mg to 300 mg. When it is ad- 
ministered to animals, the dose varies, depending on the 
purpose of administration (treatment or prevention) , kind 
or size of the animal to be treated, the kind or degree of 
bacteria with which the animal has been infected, but daily 
dose usually ranges from 0.1 mg to 200 mg, preferably from 
0.5 mg to 100 mg per kg of the weight of the animal. The 



daily dose is administered once a day or from two to four 
portions a day. The daily dose may exceed the above- 
described amount, if necessary. 
[0102] 

The pharmaceutical composition containing the com- 
pound of the present invention can be formulated into a de- 
sired form selected in accordance with the administration 
route by using various ordinarily employed preparation 
processes. Examples of the form of the pharmaceutical com- 
position having the compound of the present invention as a 
main ingredient include oral administrable preparations 
such as tablets, powders, granules, capsules, liquids, syr- 
ups, elixirs, oily or aqueous suspensions. 
'{0103] 

Injections may contain therein a stabilizer, antisep- 
tic, solubilizing agent or the like. It is also possible 
to reconstitute a solid preparation, which has been ob- 
tained by filling a vessel with a solution which may con- 
tain such an agent and then lyophilizing it, upon use. An 
amount to be administered once may be filled in one vessel 
or an amount to be administered plural times may be filled 
in one vessel. 
[0104] 

Examples of the preparation for external use include 
liquids, suspensions, emulsions, ointments, gels, creams, 



lotions, sprays and plasters. 
[0105] 

The solid preparation contains, together with the 
compound of the present invention, pharmaceutically accept- 
able additives. It can be prepared by mixing the compound 
of the present invention with additives selected from fill- 
ers, extenders, binders, disintegrants, solubilizing pro- 
moters, humectants and lubricants as needed. 
[0106] 

Examples of the liquid preparations include solu- 
tions, suspensions and emulsions. They may contain a sus- 
pending agent or emulsifier as an additive. 

Examples 

[0107] 

The present invention will hereinafter be described 
more specifically by examples. It should however be borne 
in mind that the scope of the present invention is not lim- 
ited to the below-described examples. All the compounds 
obtained by the below-described examples belong to either 
one of E type or Z type unless specifically indicated. 
[0108] 

Referential Example 1: 2- [ ( 4-Chlorophenyl ) sulf onylmethyl ] - 

1, 4-dif luorobenzene 

[0109] 
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[Chemical formula 9] 




CI 

[0110] 
Process 1 : 

1) At 0°C, 4-chlorobenzenethiol (5.45 g, 38.2 mmol) , 
triphenylphosphine (11.1 g, 41.6 mmol) and diisopropyl azo- 
dicarboxylate (8.16 ml, 41.6 mmol) were sequentially added 
to a tetrahydrofuran (150 ml) solution of 2,5- 
:difluorobenzyl alcohol (5.00 g, 34.7 mmol). The reaction 
mixture was stirred at room temperature for 4 days, fol- 
lowed by concentration. The residue thus obtained was pu- 
rified by silica gel column chromatography (1% ethyl ace- 
tate - hexane) to give 2- [ ( 4-chlorophenyl ) thiomethyl ] -1 , 4- 
dif luorobenzene (2.68 g, 29%) as a colorless oil. 

[0111]. 

^-NMR (400MHz, CDC1 3 ) 5: 4.04 (2H,s) , 6 . 85-7 . 00 ( 3H, m) , 

7.23 (4H,s) . 

[0112] 

2) After addition of 3-chloroperbenzoic acid (225 mg, 
1.30 mmol) to a methylene chloride (5 ml) solution of 2- 
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[ (4-chlorophenyl) thiomethyl] -1, 4-dif luorobenzene (271 mg, 
1.00 mmol) at 0°C, the resulting mixture was stirred at 
room temperature for 15 hours. The reaction mixture was 
diluted with methylene chloride, washed with a saturated 
aqueous solution of potassium bicarbonate and brine, dried 
(over MgS0 4 ), and concentrated. The residue thus obtained 
was dissolved in methylene chloride (5 ml) . After cooling 
to 0°C, 3-chloroperbenzoic acid (450 mg, 2.60 mmol) was 
added and the resulting mixture was stirred at room tem- 
perature for 15 hours. The reaction mixture was diluted 
with methylene chloride. The diluted solution was washed 
with a saturated aqueous solution of potassium bicarbonate 
and brine, dried (over MgS0 4 ), and concentrated. The resi- 
due thus obtained was purified by silica gel column chroma- 
tography (9% ethyl acetate - hexane) to give the title com- 
pound (210 mg, 69%) as a colorless solid substance. 
[0113] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 4 . 36 (2H, s) , 6 . 91 (1H, td, J=9 .0,4. 4Hz) , 
6 . 99-7 . 0 6 (lH,m) , 7 . 11 (1H, ddd, J=8 .3, 5. 6, 3.2Hz) , 
7.45 (2H,d, J=8.8Hz) , 7.62 ( 2H, d, J=8 . 8Hz ) . 
MS (m/z) : 303 (M + +H) . 
[0114] 
Process 2: 

1) After addition of potassium carbonate (4.00 g, 
29.0 mmol) and 2-bromomethyl-l , 4-dif luorobenzene (5.00 g, 



24.2 mmol) to an N, N-dimethylf ormamide (120 ml) solution of 
4-chlorobenzenethiol (3.86 g, 26.6 mmol), the resulting 
mixture was stirred at room temperature for 3 hours. To 
the reaction mixture were added saturated ammonium chloride 
(50 ml) and water (20 ml), followed by extraction with di- 
ethyl ether. The extracts were combined, washed with water 
and brine, dried (over MgS0 4 ) , and concentrated. The resi- 
due thus obtained was purified by silica gel column chroma- 
tography (1% ethyl acetate - hexane) to give 2- [(4- 
chlorophenyl ) thiomethyl] -1, 4-dif luorobenzene (6.41 g, 98%) 
as a colorless oil. 
[0115] 

2) At 0°C, H 2 0 (16.4 ml), 30% H 2 0 2 (16.4 ml, 145 mmol) 
and hexaammonium heptamolybdate tetrahydrate (425 mg, 0.344 
mmol) were added to a methanol (100 ml) solution of 2-[(4- 
chlorophenyl) thiomethyl] -1, 4-dif luorobenzene ( 6 . 54 g, 24.1 
mmol) . The resulting mixture was stirred for 1 hour, fol- 
lowed by stirring at room temperature for 15 hours. The 
solid thus precipitated was collected by filtration and the 
filtrate was concentrated to about half of its amount. The 
resulting aqueous solution was extracted with methylene 
chloride. The solid obtained previously was dissolved in 
the extract. The resulting solution was washed sequen- 
tially with water and brine, dried (over MgS0 4 ) and concen- 
tration. The residue thus obtained was recrystallized from 




hexane to give the title compound (6.34 g, 87%) as color- 
less needle crystals . 
[0116] 

Process 3 : To a butanol (200 ml) suspension of sodium 4- 
chlorobenzenesulf inate (19.0 g, 95.5 mmol) was added 2- 
bromomethyl-1, 4-dif luorobenzene (12.3 ml, 95.5 mmol). The 
resulting mixture was heated under reflux for 5 hours. The 
solid thus precipitated was collected by filtration, and 
dissolved in methylene chloride. The resulting solution 
was washed with brine, dried (over MgS0 4 ) . After concen- 
tration, the solid thus obtained was recrystallized from 
hexane to give the title compound (12.3 g, 43%) as color- 
less needle crystals. 
[0117] 

Referential Example 2: 4- (4- 
Chlorophenylsulf onylmethyl ) pyridine 
[0118] 

[Chemical formula 10 ] 




o=s=o 




ci 



[0119] 



A 1-propanol (50 ml) solution of 4- 
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chloromethylpyridine hydrochloride (1.26 g, 7.65 mmol) , 
sodium 4-chlorobenzenesulf inate (1.52 g, 7.65 mmol) and po- 
tassium acetate (1.50 g, 15.3 mmol) was stirred under heat- 
ing at 70°C for 8 hours. The reaction mixture was cooled 
to room temperature and then concentrated under reduced 
pressure. The residue thus obtained was caused to pass 
through a short column (silica gel, ethyl acetate) and the 
eluate was concentrated under reduced pressure. The resi- 
due thus obtained was subjected to silica gel column chro- 
matography, and the fraction obtained from the hexane : ethyl 
acetate (=2:3) eluate was concentrated under reduced pres- 
sure to give the title compound (1.26 g, 62%) as a white 
solid. 
{0120] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 4 .29 (2H, s) , 7 . 06 (2H,d, J=6.1Hz) , 
7 .47 (2H,d, J=8 .8Hz) , 7 .59 (2H,d, J=8.5Hz) , 8.57 (2H,d, J=6. 1Hz) . 
MS (m/z) : 268 (M + +H) . 
[0121] 

Referential Example 3: 2- [ (2, 5-Dif luorophenyl ) - 
hydroxymethyl ] pyridine 
[0122] 

[Chemical formula 11] 



OH 

[0123] 

A hexane solution (1.53M, 3.92 ml, 0.6 mmol) of n- 
butyl lithium was added dropwise to a tetrahydrof uran (10 
ml) solution of 2-bromopyridine (572 6 mmol) under an 

argon atmosphere at -7 8°C, followed by stirring for 30 min- 
utes. To the resulting brown solution was added dropwise 
2, 5-dif luorobenzaldehyde (655 6 mmol) and the tempera- 

ture of the reaction mixture was gradually raised to room 
temperature. To the reaction mixture was added water. The 
resulting mixture was then extracted with ethyl acetate. 
After the solvent was dried, the residue obtained by con- 
centration under reduced pressure was purified by purifica- 
tion by silica gel chromatography to give the title com- 
pound (120 mg, 9%) as a white solid. 
[0124] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 5.4 5 (IH.br) , 6. 08 (1H, s) , 6.87- 
7. 15 (3H,m) , 7.2-7.3 (2H,m) , 7. 65 (lH,m) , 8 .56 (lH,m) . 

mp: 65 to 66°C. 
[0125] 

Referential Example 4: 2- [Chloro- (2, 5- 

dif luorophenyl) methyl] -3-methylpyridine hydrochloride 
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[012 6] 

[Chemical formula 12] 




[0127] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to a tetrahydrof uran (2.0 ml) solution of 2-bromo- 
3-methylpyridine (510 mg, 3 mmol) under ice cooling. The 
resulting mixture was stirred at room temperature for 60 
minutes. To the resulting brown solution, 2,5- 
dif luorobenzaldehyde (328 pi, 3 mmol) was added dropwise 
under ice cooling. The temperature of the reaction mixture 
was then raised to room temperature gradually. After addi- 
tion of a saturated aqueous solution of ammonium chloride, 
the resulting mixture was extracted with ethyl acetate. 
After the solvent was dried, the residue obtained by con- 
centration under reduced pressure was purified by silica 
gel chromatography (hexane : ethyl acetate=8:l) to give a 
mixture containing the title compound. Thionyl chloride 
(2.0 ml) and one drop of dimethylf ormamide were added to 
the mixture. The resulting mixture was stirred at room 
temperature for 14 hours. Excess thionyl chloride was dis- 



tilled off under reduced pressure to yield a white precipi- 
tate. The resulting precipitate was triturated with hexane 
and diethyl ether to give the title compound (101 mg, 12%) . 
[0128] 

1 H-NMR(400MHz f CDC1 3 )6: 2.37(3H,s) , 6 . 95-7 . 1 0 ( 2H, m) , 
7 .28 (1H, s) , 7 .7-7 . 8 (2H,m) , 8 . 11 (1H, d, J=6.3Hz) , 
8.72(lH,d, J=4.9Hz) . 

mp: 118 to 119°C. 
MSm/z: 254 (M + +H) . 
[0129] 

Referential Example 5: 2- [ (2, 5-Dif luorophenyl) - 
hydroxymethyl ] -5-methylpyridine 
[0130] 

; { Chemical formula 13] 




OH 



[0131] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to tetrahydrof uran (2 ml) solution of 2-bromo-5- 
methylpyridine (510 mg, 3 mmol) under ice cooling. The re- 
sulting mixture was stirred at room temperature for 60 min- 
utes. To the resulting brown solution was added dropwise 



2, 5-dif luorobenzaldehyde (328 pi, 3 mmol) under ice cooling 
and then, the temperature of the reaction mixture was 
raised to room temperature gradually- A saturated aqueous 
solution of ammonium chloride was added to the reaction 
mixture and then, the mixture was extracted with ethyl ace- 
tate. After drying the solvent, the residue obtained by 
concentration under reduced pressure was purified by silica 
gel chromatography (hexane : ethyl acetate=5:l) to give the 
title compound (130 mg, 18%) as an oil. 
[0132] 

1 H-NMR (4 0.0MHz, CDCl 3 ) 5: 2.31 (3H, s) , 5.38 (lH.br) , 6.04 (1H, s) , 
6.83-7 . 18 (4H,m) , 7 .44 (lH,dd, J=2 . 0, 8.0Hz) , 8.37 (lH,m) . 
MSm/z: 23 6 (M + +H) . 
[0133] 

Referential Example 6: 2- [ (2, 5-Dif luorophenyl ) - 
hydroxymethyl] -4-methylpyridine 
[0134] 

[Chemical formula 14 ] 




OH 



[0135] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to a tetrahydrof uran (2 ml) solution of 2-bromo-4- 



methylpyridine (334 3 mmol) under ice cooling. The re- 

sulting mixture was stirred at room temperature for 60 min- 
utes. To the resulting brown solution was added dropwise 
2, 5-dif luorobenzaldehyde (328 pi, 3 mmol) under ice cool- 
ing. The temperature of the resulting mixture was gradu- 
ally raised to room temperature. After addition of a satu- 
rated aqueous solution of ammonium chloride, the resulting 
mixture was extracted with ethyl acetate. The solvent was 
then dried. The residue obtained by concentration under 
reduced pressure was purified by silica gel chromatography 

(hexane: ethyl acetate=5:l) to give the title compound (456 
mg, 65%) as needle crystals. 

[0136] 

^H-NMR ( 4 00MHz, CDC1 3 ) 5: 2.30 (3H,s) , 5.48 (lH,br-s) , 
6.02 (1H, s) , 6.83-7.13 (5H,m) , 8.38 (lH,m) . 
mp: 105 to 106°C. 
MSm/z: 236 (M + +H) . 
[0137] 

Referential Example 7: 2-Bromo-3-methoxypyridine 
[0138] 

[Chemical formula 15] 




[0139] 
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Under a nitrogen atmosphere, sodium hydride 60% in 
oil (605 mg, 15.1 mmol) was added in portions to methanol 
(10 ml) under ice cooling. Twenty minutes later, a di- 
methyl formamide (20ml) solution of 2-bromo-3- 
hydroxypyridine (2.5 g, 14.4 mmol) was added. From the re- 
sulting mixture, methanol was distilled off under reduced 
pressure. To the residue was added methyl iodide (0.94 ml, 
15.1 mmol), followed by stirring at room temperature for 3 
hours. After the reaction mixture was concentrated to dry- 
ness, water (50 ml) and ether (50 ml) were added to the con- 
centrate. The organic layer was separated and washed with 
a saturated aqueous solution of sodium bicarbonate and 
brine. The extract was dried over anhydrous magnesium sul- 
fate, and concentrated under reduced pressure to remove the 
solvent. The residue was purified by silica gel chromatog- 
raphy (hexane : ethyl acetate=8:l) to give the. title compound 

(1.51 g, 56%) as colorless needle crystals. 

[0140] 

^-NMR (4 00MHz, CDC1 3 ) 5 : 3 . 90 (3H, s) , 7 . 12 (lH,m) , 
7.21 (lH,dd, J=4 .8, 8 .0Hz) , 7 . 97 (lH,m) . 

mp: 34°C. 
[0141] 

Referential Example 8: 3-Allyloxy-2-bromopyridine 
[0142] 

[Chemical formula 16] 




[0143] 

Synthesis was performed in a similar manner to that 
employed for the synthesis of 2-bromo-3-methoxypyridine to 
give the title compound (2.35 g, 76%) as an oil. 
[0144] 

1 H-NMR (4 00MHz, CDCI3) 5: 4 . 62 (2H,m) , 

5.33 ( 1H, dd, J=l. 2,10. 4Hz) , 5 . 47 ( 1H, dd, J=l . 2 , 17.6Hz) , 
6.06 (lH,m) , 7.11 ( 1H, dd, J=l . 2Hz, 8.0Hz) , 
7 .18 (1H, dd, J=4 .8,8. 0Hz) , 7 . 98 (lH,m) . 
MSm/z: 215 (M + +H) . 
[0145] 

Referential Example 9: 2- [ (2, 5-Dif luorophenyl ) - 
hydroxymethyl] -3-methoxypyridine 
[0146] 

[Chemical formula 17] 




OH 
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[0147] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to a tetrahydrof uran (2 ml) solution of 2-bromo-3- 
methoxypyridine (564 mg, 3 mmol) under ice cooling. The 
reaction mixture was then stirred at room temperature for 
60 minutes. To the resulting brown solution, 2,5- 
dif luorobenzaldehyde (328 ]il,3 mmol) was added dropwise un- 
der ice cooling. The temperature of the reaction mixture 
was gradually raised to room temperature. After addition 
of a saturated aqueous solution of ammonium chloride, the 
resulting mixture was extracted with ethyl acetate. After 
the solvent was dried, needle crystals obtained by concen- 
tration under reduced pressure were triturated with hexane 
to give the title compound (660 mg, 88%). 
[0148] 

1 H-NMR (400MHz, CDCI3) 5 : 3.71 (3H,s) , 5 . 56 ( 1H, br , J=6 . 0Hz ) , 
6.16 (lH,d, J= 6.0Hz) , 6.75-7.0 0 (3H,m) , 7.14 (lH,m) , 
7.26(lH,m) , 8.18 (lH,m) . 

mp: 94 to 95°C. 
MSm/z: 252 (M + +H) . 
[0149] 

Referential Example 10: 3-Allyloxy-2- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl ] pyridine 
[0150] 
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[Chemical formula 18 ] 




OH 

[0151] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to a tetrahydrofuran (2 ml) solution of the 3- 
allyloxy-2-bromopyridine (642 mg, 3 mmol) obtained in Ref- 
erential Example 8 under ice cooling. The resulting mix- 
ture was stirred at room temperature for 60 minutes. To 
the resulting brown solution was added dropwise 2,5- 
dif luorobenzaldehyde (328 3 mmol) under ice cooling. 

The temperature of the reaction mixture was gradually 
raised to room temperature. A saturated aqueous solution 
of ammonium chloride was added to the reaction mixture, 
followed by extraction with ethyl acetate. The solvent was 
then dried and the residue obtained by concentration under 
reduced pressure was purified by silica gel chromatography 

(hexane: ethyl acetate=4:l) to give the title compound (375 
mg, 45%) as an oil. 

[0152] 
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X H-NMR (4 00MHz, CDCI3) 5 : 4.3 8 (lH,m) , 4.4 4 (lH,m) , 5.16 (lH,m) , 
5. 18 (lH,m) , 5. 61 (lH.br, J=6. 4Hz) , 5.7 8 (lH,m) , 
6.17 (lH,d, J=6.0Hz) , 6 . 7 3-6 . 96 (3H,m) , 7 . 10 ( 1H, m) , 
7.22 (lH,m) , 8.19 (lH,m) . 
MSm/z: 278 (M + +H) . 
[0153] 

Referential Example 11: 3- [ (2, 5-Dif luorophenyl ) - 
hydroxyittethyl] pyridine 
[0154] 

[Chemical formula 19] 




X0155] 

Under an argon atmosphere, a tetrahydrof uran solution 
(1.5 ml, 3 mmol) of isopropylmagnesium chloride was added 
dropwise to a tetrahydrof uran (2 ml) solution of 3- 
bromopyridine (28 6 pi, 3 mmol) under ice cooling. The re- 
sulting mixture was stirred at room temperature for 60 min- 
utes. To the resulting brown solution thus obtained was 
added dropwise 2 , 5-dif luorobenzaldehyde (328 pi, 3 mmol) 
under ice cooling. The temperature of the reaction mixture 
was gradually raised to room temperature. A saturated 
aqueous solution of ammonium chloride was added to the re- 
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action mixture, followed by extraction with ethyl acetate. 
The solvent was then dried. The residue remaining after 
concentration under reduced pressure was purified by silica 
gel chromatography (hexane : ethyl acetate=l:l) to give the 
title compound (296 mg, 45%) as needle crystals. 
[0156] 

X H-NMR (400MHZ/ CDCI3) 5 : 3.76(lH,br), 6.10(lH,s), 6.88- 
6. 98 (2H,m) , 7 .20-7 .30 (2H / m) , 7.7 0 (lH,m) , 
8.42 (lH,d, J=4.8Hz) , 8.53(lH,m) . 

mp: 79 to 80°C. 
[0157] 

Referential Example 12: 5- [ (2, 5-Dif luorophenyl ) - 

hydroxymethyl] pyrimidine 

.[0158] 

{Chemical formula 20] 




[0159] 

In a similar manner to Referential Example 11, the 
title compound (117 mg, 18%) as an oil by using 5- 
bromopyrimidine . 
[0160] 

1 H-NMR(4 00MHz f CDCI3) 5: 6.12 (lH,s) , 6.90-7.02 (2H,m) , 
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7 . 26 ( 1H, m) , 8 . 70 (2H, s) , 9.04(lH,s) . 
MSm/z: 205 (M + -OH) 
[0161] 

Referential Example 13: 2- [ ( t-Butoxycarbonyloxy) - (2, 5- 
dif luorophenyl) methyl] -1 -methyl- lH-benz imidazole 
[0162] 

[Chemical formula 21] 




[0163] 

An acetonitrile (3 ml) solution of 2,5- 
dif luorobenzaldehyde (164 \xl, 1.5 mmol), 1- 

methylbenzimidazole (132 mg, 1 mmol) and di-t-butyl dicar- 
bonate (252 1.1 mmol) was stirred at room temperature 

for 20 hours. The precipitate thus formed was collected by 
filtration and then triturated with hexane to give the ti- 
tle compound (310 mg, 83%) as a white solid. 
[0164] 

'H-NMR (4 00MHz, CDC1 3 ) 5: 1.45 (9H, s) , 3.8 6 (3H, s) , 6.9- 
7.0(2H,m), 7.12(lH,s), 7 . 22-7 . 35 ( 3H, m) , 7.45(lH,m), 
7.77 (lH,d, J=8.0Hz) . 
mp: 163 to 164°C. 
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MSm/z: 375(M + +H) . 
[0165] 

Referential Example 14: 2- [ ( t-Butoxycarbonyloxy) -(2,5- 
difluorophenyl) methyl] -l-methyl-5-chloro-lH-imidazole 
[0166] 

[Chemical formula 22] 




[0167] 

An acetonitrile (6 ml) solution of 2,5- 
difluorobenzaldehyde (327 ul, 3 mmol) , 5-chloro-l- 
methylimidazole (187 ug, 2 mmol) and di-t-butyl dicarbonate 

(504 ul, 2.2 mmol) was stirred at room temperature for 20 
hours. The precipitate thus formed was collected by fil- 
tration, followed by trituration with hexane to give the 
title compound (472 mg, 66%) as a white solid. 

[0168] 

1 H-NMR (400MHz, CDCI3) 5 : 1.48(9H,s), 3.67(3H,s), 6.88- 
7.1 (4H,m) , 7.39(lH,m) . 

mp: 125 to 126°C. 
MSm/z: 359 (M + +H) . 
[0169] 




Referential Example 15: 2- [ (2, 5-Dif luorophenyl ) - 



hydroxymethyl] thiazole 



[0170] 



[Chemical formula 23] 




F 



F 



[0171] 



To a tetrahydrofuran (10 ml) solution of 2- 
bromothiazole (180 \iq, 2 mmol) was added dropwise a hexane 
solution (1.57M, 1.40 ml, 2.2 mmol) of n-butyl lithium at - 
78°C, followed by stirring for 10 minutes. Then, 2,5- 
difluorobenzaldehyde (238 yl, 2.2 mmol) was added and the 
temperature of the resulting mixture was raised gradually 
to 0°C under stirring. An aqueous solution- of ammonium 
chloride was added to terminate the reaction and ether was 
added to the reaction mixture. The ether layer was washed 
with water and brine, and then dried over anhydrous magne- 
sium sulfate. After filtration, the solution was concen- 
trated under reduced pressure. The residue was purified by 
silica gel chromatography (hexane : ethyl acetate=l:l) to 
give the title compound (358 mg, 79%) as an oil. 
[0172] 

1 H-NMR(400MHz,CDCl 3 )5: 3.77 ( 1H, d, J=4 . 0Hz) , 
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6, 33 (lH,d, J=4. OHz )., 6 ,95-7 .10 (2H,m) , 7.24 ( 1H, m) , 
7.34 (lH,d, J=3.6Hz) , 7 . 75 ( 1H, d, J=3 . 6Hz ) , 
MSm/z: 228 (M + +H) . 
[0173] 

Referential Example 16: 2- [ ( t-Butoxycarbonyloxy) -(2,5- 
dif luorophenyl) methyl] -1- ( 4-methoxyphenyl ) -lH-imidazole 
[0174] 

[Chemical formula 24] 



MeO 




[0175] 

An acetonitrile (6 ml) solution of 2,5- 
dif luorobenzaldehyde (327 ul,3 mmol) , l-(4- 

methoxyphenyl) imidazole (348 mg, 2 mmol) and di-t-butyl di- 
carbonate (504 yl,2.2 mmol) was stirred at room temperature 
for 20 hours. The reaction mixture was concentrated and 
then the residue was purified by silica gel chromatography 
(hexane: ethyl acetate=5:l to 1:1) to give the title com- 
pound (774 mg, 93%) as an oil. 
[0176] 
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^ 1 H-NMR(400MHz,CDCl 3 )5: 1.40(9H,s), 3.86(3H,s), 6.76(lH,s), 
6. 90-7 .00 (4H,m) , 7 .02 (1H, s) , 7 . 11 (1H, s) , 7 .26 (2H,m) , 
7.33 (lH,m) . 
MSm/z: 417 (M + +H) . 
[0177] 

Referential Example 17: 5-Chloro-2-pyridinethiol 
[0178] 

[Chemical formula 25] 




[0179] 

Thiourea (152 mg, 2.00 mmol) was added to an ethanol 
(4 ml) solution of 2 , 5-dichloropyridine (296 mg, 2.00 
mmol) . The mixture was then heated under reflux for 18 
hours. After the reaction mixture was cooled to room tem- 
perature, a water (1 ml) solution of potassium hydroxide 
(198 mg, 3.00 mmol) was added and the mixture was heated 
under reflux for 3 hours. The reaction mixture was cooled 
to room temperature. Water was then added and the mixture 
was washed with dichloromethane . The water layer was 
acidified with acetic acid, followed by extraction with di- 
chloromethane. The organic layer was dried over anhydrous 
sodium sulfate and then filtered. After filtration, the 
filtrate was concentrated under reduced pressure. The 
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solid thus obtained was washed with diethyl ether and col- 
lected by filtration to give the title compound (83 mg, 
0.57 mmol, 29%) as a yellow powder. 

[018 0] ^-NMR (4 00MHz, CDC1 3 ) 5: 7 .35 (lH,dd, J=9. 3 ,2.4Hz) , 
7 . 46 (1H, d, J=9.3Hz) , 7 . 64 (lH,d, J=2 . 4Hz) . 
MSm/z: 14 6 (M + +H) . 

[0181] 

Referential Example 18: 2, 5-Dif luorophenyl-4- 
pyridylmethanol 

[0182] [Chemical formula 26] 



A tetrahydrofuran (30 ml) solution of l-bromo-2,5- 
dif luorobenzene (1.08 ml, 9.60 mmol) was stirred at -78°C, 
followed by the addition of a hexane solution (7.32 ml, 
11.5 mmol) of n-butyl lithium. To the reaction mixture was 
added a tetrahydrofuran (10 ml) solution of 4- 
pyridinecarboxyaldehyde (0.7 64 ml, 8.00 mmol) at -78°C. The 
resulting mixture was stirred at the same temperature for 
30 minutes. After the temperature of the reaction mixture 
was raised to room temperature, diethyl ether was added 
thereto. The resulting mixture was washed with a saturated 




OH 



[0183] 
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aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and then filtered. 
The filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=7:3 eluate was concentrated under reduced 
pressure. The solid thus obtained was washed with diiso- 
propyl ether and then collected by filtration to give the 
title compound (1.15 g, 5.20 mmol, 65%) as a white powder. 
[0184] 

X H-NMR (400MHz, CDCI3) 5 : 4.25(lH,brs) , 6.09(lH,s) , 6.8 9- 
7 .05 (2H, m) , 7 . 14-7 . 23 ( 1H, m) , 7 .34 (2H, d, J=5 . 4Hz) , 
8.44 (2H,d, J=5.4Hz) . 
[0185] 

Referential Example 19: Tetrahydrothiopyran-4-ol 
[0186] 

[Chemical formula 27] 



Tetrahydrothiopyran-4-one (5.00 g, 43.0 mmol) was 
dissolved in methanol (100 ml) . After sodium borohydride 
(1.6 g, 42.3 mmol) was added to the resulting solution un- 




[0187] 
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der ice cooling, the resulting mixture was stirred at room 
temperature for 14 hours. Water (50 ml) was added to the 
residue obtained by concentrating the reaction mixture un- 
der reduced pressure. The liquid property of the resulting 
mixture was then made weakly acidic with IN hydrochloric 
acid, followed by extraction with diethyl ether. The ex- 
tract was washed sequentially with IN hydrochloric acid, a 
saturated aqueous solution of sodium bicarbonate, and 
brine. The organic layer was dried over anhydrous magne- 
sium sulfate. After filtration, the filtrate was concen- 
trated under reduced pressure to give the title compound 
(4.40 g, 37.2 mmol, 87%) as a pale yellowish brown solid. 
[0188] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1-47 (lH,brs) , 1. 64-1 .80 (2H,m) , 2.10- 
2.24 (2H,m) , 2.55-2.7 0 (2H,m) , 2.73-2.88 (2H,m) , 3.60- 
3.75(lH,m) . 
MSm/z: 119 (M + +H) . 
[0189] 

Referential Example 20: 5-Dibromomethyl-2- (2,5- 

dif luorobenzoyl) pyridine (Compound A) and 5-bromomethyl-2- 

(2, 5-dif luorobenzoyl) pyridine (Compound B) 

[0190] 

[Chemical formula 28] 




0 o 

Compound A Compound B 



[0191] 

Under heating and refluxing, N-bromosuccinimide (17.0 
g, 95.7 mmol) and a catalytic amount of 2, 2' -azobis (2- 
methylpropionitrile) were added to a carbon tetrachloride 
(100 ml) solution of the 2- [ ( 2 , 5-dif luorophenyl ) - 
hydroxymethyl] -5-methylpyridine (7.50 g, 31.9 mmol) ob- 
tained in Referential Example 5. The resulting mixture was 
stirred at reflux for 24 hours. The reaction mixture was 
cooled to room temperature and the precipitate thus formed 
was filtered off. The precipitate was added to an aqueous 
solution of sodium thiosulfate, followed by extraction with 
chloroform. The extract was washed with a saturated aque- 
ous solution of sodium bicarbonate and brine, and then 
dried over sodium sulfate. The residue obtained by concen- 
trating the solution under reduced pressure was purified by 
silica gel chromatography (hexane : ethyl acetate =10:1) to 
give the title compound A (3.91 g, 31%) and the title com- 
pound B (3.34 g, 34%), each as an oil. 
[0192] 
Compound A 
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1 H-NMR (400MHz, CDCI3) 6 : 6.70(lH,s), 7.12(lH,m), 7 .24 (lH,m) , 
7.39(lH,m), 8 . 12 (1H, d, J=8 . 4Hz) , 8 . 1 9 ( 1H, dd, J=2 . 0, 8 . 4Hz ) , 
8.77(lH,d, J=2.0Hz) . 
MSm/z: 392 (M + +H) . 
[0193] 
Compound B 

1 H-NMR (400MHz, CDCI3) 5 : 4.52 (2H,s), 7.12 (lH,m), 7.21 (lH,m), 
7.39 (lH,m) , 7.94 ( 1H, dd, J=2 . 0 , 8.0Hz) , 8 . 08 ( 1H, d, J=8 . 0Hz ) , 
8 . 67 (1H, d, J=2 . 0Hz) . 
MSm/z : 313 (M + +H) . 
[0194] 

Referential Example 21: [ 6- (2, 5- 

Dif luorophenylcarbonyl ) pyridin-3-yl ] methyl acetate 
[0195] 

[Chemical formula 29] 




0 



[0196] 

Under heating and refluxing, N-bromosuccinimide (6.0 
g, 33.6 mmol) and a catalytic amount of 2, 2' -azobis (2- 
methylpropionitrile) were added to a carbon tetrachloride 
(60 ml) solution of the 2- [ (2, 5-dif luorophenyl) - 
hydroxymethyl] -5-methylpyridine (2.64 g, 11.2 mmol) ob- 



tained in Referential Example 5. The resulting mixture was 
then stirred. After refluxing for 7 hours, the reaction 
mixture was cooled to room temperature and added to an 
aqueous solution of sodium thiosulfate. The resulting mix- 
ture was extracted with ether. The extract was washed with 
saturated water and brine, and then dried over sodium sul- 
fate. The residue obtained by concentrating the solution 
under reduced pressure was dissolved in toluene. The re- 
sulting solution was concentrated again. 

The residue thus obtained was dissolved in N,N- 
dimethylf ormamide (20 ml) . To the resulting solution was 
added sodium acetate (4.59 g, 56 mmol) and the mixture was 
stirred at 70°C for 17 hours. After cooling, the reaction 
mixture was dissolved in ethyl acetate (100 ml) . The solu- 
tion was washed with water and brine, dried over anhydrous 
magnesium sulfate and then concentrated under reduced pres- 
sure. The residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=5:l) to yield the ti- 
tle compound (600 mg, 18%) as an oil. 

[0197] 1 H-NMR ( 4 00MHz , CDCI3) 5 : 2.12(3H,s), 5.19(2H,s) / 

7.10(lH,m), 7.19 (lH,m) , 7.37 (lH,s), 

7.88 (lH,dd, J=2.4, 8 . 0Hz.) , 8.07 ( 1H, d, J=8 . 0Hz ) , 

8.62 (lH,d, J=2.4Hz) . 

MSm/z: 2 92 (M + +H) . 

[0198] 



Referential Example 22: 2- [ (2, 5-Dif luorophenyl) - 
hydroxymethyl] -5- (1, 3-dioxolan-2-yl ) pyridine 
[0199] 

[Chemical formula 30] 
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^ [0200] 

To a pyridine solution (60 ml) of the 5- 
dibromomethyl-2- (2, 5-dif luorobenzoyl) pyridine (Compound A) 
(3.91 g, 10 mmol) obtained in Referential Example 20 was 
added ethylene glycol (6.2 g, 100 mmol) . While heating at 
90°C, the resulting mixture was stirred for 17 hours. The 
reaction mixture was concentrated under reduced pressure. 
The residue thus obtained was dissolved in ether (200 ml) . 
The resulting solution was washed with water, a saturated 
aqueous solution of sodium bicarbonate and brine, dried 
over anhydrous magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was dissolved 
in ethanol (60 ml) . To the resulting solution was added 
sodium borohydride (190 mg, 5 mmol) under ice cooling. The 
resulting mixture was stirred at room temperature for 1 
hour. After the addition of water, the mixture was ex- 
tracted with ethyl acetate. The extract was washed with 
brine, dried over anhydrous magnesium sulfate, and then 
concentrated under reduced pressure. The residue thus ob- 
tained was purified by silica gel chromatography (hex- 
anerethyl acetate=5:l to 1:1) to give the title compound 

(1.52 g, 52%) as an oil. 

[0201] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4.0-4.2 (4H,m) , 5.84 (1H, s) , 
6.10 (1H, s) , 6. 91 (lH,m) , 6. 99 (lH,m) , 7 . 09 (lH,m) , 
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7.26 (lH,d, J=8.0Hz) , 7 . 7 6 ( 1H, dd, J=2 . 0 , 8 . OHz ) , 
8.64 (lH,d, J=2.0Hz) . 
MSm/z: 294 (M + +H) . 
[0202] 

.Referential Example 23: 3-Chloro-4- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl 3 pyridine 
[0203] 

[Chemical formula 31] 



To a tetrahydrofuran solution (14 ml) of diisopro- 
pylamine (1.4 ml, 10 mmol) was added n-butyl lithium (6.3 
ml, a 1.59M hexane solution) at"78°C. After the resulting 
mixture was stirred for 10 minutes, 3-chloropyridine (1.13 
g, 10 mmol) was added thereto. Thirty minutes later, 2,5- 
dif luorobenzaldehyde (1.09 ml, 10 mmol) was added and the 
temperature of the resulting mixture was raised gradually 
to 0°C. Stirring was conducted for further 10 minutes. Af- 
ter addition of an aqueous solution of ammonium chloride, 
the resulting mixture was diluted with ethyl acetate (80 
ml) . The organic layer was separated, washed with brine 
and then dried. After filtration, the precipitate obtained 




CI 



OH 



[0204] 
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by concentrating the resulting solution under reduced pres- 
sure was triturated with ethanol to give the title compound 

(1 .33 g, 52%) . 

[0205] 

1 H-NMR (400MHz , CDCI3) 5 : 4.87(lH,br), 6.26(lH,s), 6.90- 
7.02(3H,m), 7 . 58 ( 1H, d, J=4 . 8Hz) , 8.47(lH,s), 
8 .48 (1H, d, J=4 . 8Hz) . 

mp: 169 to 170°C. 
MSm/z: 255 (M + ) . 
[0206] 

Referential Example 24: 2, 5-Dichloro-4- [(2,5- 
dif luorophenyl) -hydroxymethyl ] pyridine 
[0207] 

{Chemical formula 32] 
_ CK 



To a tetrahydrofuran solution (14 ml) of diisopro- 
pylamine (1.4 ml, 10 mmol) was added n-butyl lithium (6.3 
ml, a 1.59M hexane solution) at -78°C. After stirring for 
10 minutes, 2 , 5-dichloropyridine (1.48 g, 10 mmol) was 
added to the reaction mixture. Thirty minutes later, 2,5- 
difluorobenzaldehyde (1.09 ml, 10 mmol) was added and the 




OH 



[0208] 



temperature of the resulting mixture was raised gradually 
to 0°C. Stirring was conducted for further 10 minutes. 
After addition of an aqueous solution of ammonium chloride, 
the resulting mixture was diluted with ethyl acetate (80 
ml). The organic layer was separated, washed with brine 
and then dried. After filtration, the precipitate obtained 
by concentrating the filtrate under reduced pressure was 
triturated with ethanol to give the title compound (1.93 g, 
67%) . 
[0209] 

1 H-NMR (400MHz, CDCl 3 ) 5: 2 . 64 (lH,d, J=4 . 0Hz) , 

6.28 (lH,d, J=4.0Hz) , 6.89(lH,m), 7.02(2H,m), 7.64(lH,s), 

8.30 (1H, s) . 

mp: 160 to 161°C. 
MSm/z: 289 (M + ) . 
[0210] 

Referential Example 25: (3, 6-Dichloropyridin-2-yl ) (pyridin- 

4-yl) methanol 

[0211] 

[Chemical formula 33] 




[0212] 
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Under stirring at -78°C / t-butyl lithium (a 1.51M 
pentane solution: 4.6 ml) was added dropwise to an ether 
(20 ml) solution of 2 , 5-dichloropyridine ( 1 . 02 g, 6.89 
mmol) . After stirring at -78°C for 2 hours, pyridine-4- 
carbaldehyde (0.65 ml, 6.89 mmol) was added to the reaction 
mixture. The resulting mixture was stirred at -78°C for 1 
hour. Water was then added to the reaction mixture. The 
temperature of the resulting mixture was raised to room 
temperature. The mixture was extracted with methylene 
chloride. The extract was then dried over anhydrous sodium 
sulfate. After filtration, the filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to silica gel column chromatography. The fraction 
obtained from the methanol : methylene chloride (=1:50) elu- 
ate was concentrated under reduced pressure. The solid 
thus obtained was washed with ether and then collected by 
filtration to give the title compound (819 mg, 3.21 mmol, 
47%) as a white powder. 
[0213] 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 4.64 ( 1H, brd, J=6 . 3Hz ) , 
6. 00 (lH,brd, J=6. 3Hz) , 7 .27 (1H, d, J=8 . 6Hz) , 

7 . 31 (2H, d, J=5. 8Hz) , 7 . 67 (lH,d, J=8 . 6Hz) , 8.57 (2H, d, J=5. 8Hz) . 
MS (m/z) : 254 (M + ) . 
[0214] 

Referential Example 26: O-ethyl S- ( 6-chloro-3-pyridyl ) di- 
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thiocarbonate 
[0215] 

[Chemical formula 34] 
[0216] 

5-Amino-2-chloropyridine (643 mg, 3.00 mmol) was dis- 
solved in IN hydrochloric acid (10 ml) . A water (1 ml) so- 
lution of sodium nitrite (207 mg, 3.00 mmol) was added 
dropwise at -5°C. The reaction mixture was stirred at 60°C 
for 30 minutes and then, at the same temperature, a water 
(1 ml) solution of potassium O-ethyl di thiocarbonate (481 
mg, 3.00 mmol) was added dropwise. After the reaction mix- 
ture was stirred at 80°C for 1 hour, the reaction mixture 
was cooled to room temperature. Ethyl acetate was added 
and the resulting mixture was washed with a saturated aque- 
ous solution of sodium bicarbonate. The organic layer was 
dried over anhydrous sodium sulfate and then filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=49:l eluate was concentrated under re- 
duced pressure to give the title compound (148 mg, 0.63 
mmol, 21%) as a yellow oil. 



82 



[0217] 

X H-NMR (400MHz, CDC1 3 ) 5: 1.37 ( 3H, t , J=7 . 1Hz ) , 
4 . 63 (2H, t, J=7 . 1Hz) , • 7 .41 (lH,d, J=8 .3Hz) , 
7.76{lH,dd, J=8.3,2.4Hz) , 8 . 45 ( 1H, d, J=2 . 4Hz ) . 
MSm/z: 234 (M + +H) . 
[0218] 

Referential Example 27: (2, 6-Dichloro-5-f luoropyridin-3- 

yl) methanol 

[0219] 

[Chemical formula 35] 




•[0220] 

Under ice cooling, ethyl chlorof ormate (1.32 ml, 13.8 
mmol) was added to a toluene (60 ml) solution of 2,6- 
dichloro-5-f luoronicotinic acid (2.76 g, 13.1 mmol) and 
triethylamine (1.92 ml, 13.8 mmol). After stirring at room 
temperature for 1 hour, the reaction mixture was concen- 
trated under reduced pressure. 

The residue was dissolved in tetrahydrof uran (30 ml) . 
The resulting solution was added dropwise, at -78°C, to a 
tetrahydrof uran (20 ml) suspension of lithium aluminum hy- 
dride (524 mg, 13.8 mmol). The temperature of the reaction 
mixture was raised to 0°C. A IN aqueous sodium hydroxide 
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solution (3.25 ml) was added dropwise thereto- The pre- 
cipitate was filtered off through Celite and the filtrate 
was concentrated under reduced pressure- The residue thus 
obtained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane: ethyl acetate=9:l 
eluate was concentrated under reduced pressure to give the 
title compound (1.93 g, 9.85 mmol, 75%) as an orange solid. 
[0221] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 1 8 ( 1H, brs ) , 4.77 (2H,s), 
7.77 (lH,d, J=7.8Hz) . 

mp: 65 to 67°C. 
[0222] 

Referential Example 28: 3- ( t-Butyldiphenylsilyloxymethyl ) - 

5-f luoropyridine 

;[0223] 

[Chemical formula 36] 




[0224] 

To an ethanol (650 ml) solution of the (2, 6-dichloro- 
5-f luoropyridin-3-yl) methanol (18.9 g, 96.2 mmol) obtained 
in Referential Example 27 and triethylamine (32.2 ml, 231 
mmol) was added a 10% palladium-carbon catalyst (3.20 g) . 
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The resulting mixture was stirred for 7 hours under a hy- 
drogen atmosphere. The catalyst was filtered off through 
Celite, and then, the filtrate was concentrated under re- 
duced pressure. To the residue thus obtained was added a 
saturated aqueous solution of sodium bicarbonate, followed 
by extraction with chloroform. The organic layer was dried 
over anhydrous sodium sulfate and then filtered. The fil- 
trate was concentrated under reduced pressure. 

The residue thus obtained was dissolved in dichloro- 
methane (600 ml). To the resulting solution were sequen- 
tially added triethylamine (14.8 ml, 106 mmol), t- 
butylchlorodiphenylsilane (25.0 ml, 96.3 mmol) and 4- 
dimethylaminopyridine (1.18 g, 9.63 mmol). The resulting 
mixture was stirred at room temperature for 14 hours. The 
reaction mixture was washed with a saturated aqueous solu- 
tion of sodium bicarbonate. The organic layer was dried 
over anhydrous sodium sulfate and then filtered. The fil- 
trate was concentrated under reduced pressure. The residue 
thus obtained was subjected to flash silica gel chromatog- 
raphy, and The fraction obtained from the hexane: ethyl ace- 
tate=19:l eluate was concentrated under reduced pressure to 
give the title compound (30.0 g, 81.9 mmol, 85%) as a col- 
orless oil. 
[0225] 

1 H-NMR (400MHz, CDCI3) 5 : 1 . 10 (9H, s) , 4 . 78 (2H, s) , 7.36- 
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7.49 (7H,m) , 7 . 63-7 . 70 (4H / m) , 8.32 (lH,s) , 
8.36(lH,d, J=2.4Hz) . 
MSm/z: 366 (M + +H) . 
[0226] 

Referential Example 29: [5- ( t-Butyldiphenylsilyloxymethyl ) - 

3-f luoropyridin-2-yl] (2 , 5-dif luorophenyl ) methanol 

[0227] 

[Chemical formula 37] 




[0228] 

At -78°C, a hexane solution (30.0 ml, 46.8 mmol) of 
n-butyl lithium and N, N, N f , N f -tetramethylethylenediamine 
(7.06 ml, 46.8 mmol) were added sequentially to diethyl 
ether (250 ml) . After stirring at -20°C for 30 minutes, 
the reaction mixture was cooled to -78°C, and a diethyl 
ether (50 ml) solution of 3- (t- 

butyldiphenylsilyloxymethyl) -5-f luoropyridine (15.5 g, 42.5 
mmol) was added thereto. The resulting mixture was stirred 
at the same temperature for 30 minutes. To the reaction 
mixture was added 2 , 5-dif luorobenzaldehyde (6.04 g, 42.5 
mmol). The resulting mixture was stirred for 2 hours. Wa- 
ter and then, a saturated aqueous solution of sodium bicar- 
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bonate were added to the reaction mixture. The resulting 
mixture was extracted with diethyl ether. The organic 
layer was dried over anhydrous sodium sulfate and then, 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=9:l eluate was concentrated under re- 
duced pressure to give the title compound (17.0 g, 33.5 
mmol, 79%) as a colorless oil. 
[0229] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1.10 (9H, s) , 4.78 (2H, s) , 
5.12 (lH,d, J=6. 6Hz) , 6.22 (1H, d, J=6. 6Hz) , 6. 87-7 .04 (3H,m) , 
7 .33-7 . 4 8 (7H,m) , 7 . 61-7 .70 (4H,m) , 8 . 32 (1H, s) . 
MSm/z: 508 (M + +H) . 
[0230] 

Referential Example 30: (2, 5-Dif luorophenyl ) (3-fluoro-5- 
hydroxymethylpyridin-2-yl ) methanol 
[0231] 

[Chemical formula 38] 




OH 

[0232] 

To a tetrahydrofuran (7 ml) solution of [5-(t- 
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butyldiphenylsilyloxymethyl) -3-f luoropyridin-2-yl ] (2, 5- 
dif luorophenyl) methanol (853 mg, 1.68 mmol) was added a 
tetrahydrofuran solution (1.04 ml, 1.04 mmol) of tetrabu- 
tylammonium fluoride. The mixture was stirred at room tem- 
perature for 5 hours. After the reaction mixture was con- 
centrated under reduced pressure, the residue thus obtained 
was dissolved in ethyl acetate. The resulting solution was 
washed with a saturated aqueous solution of sodium bicar- 
bonate. The organic layer was dried over anhydrous sodium 
sulfate and then, filtered. The filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the hexane: ethyl acetate=l:l eluate was con- 
centrated under reduced pressure to give the title compound 
,(413 mg, 1.53 mmol, 91 %) as a white solid. 
[0233] 

X H-NMR (400MHz, CDC1 3 ) 5: 1 . 91 (1H, t, J=5. 4Hz) , 

4 . 79 (2H,d, J=5.4Hz) , 5. 16 (lH,d, J=6. 6Hz) , 6.23 (1H, d, J=6. 6Hz) , 
6.75-7.04 (3H,m) , 7 . 4 6 ( 1H, d, J=9 . 8Hz ) , 8.41 (lH,s) . 

mp: 94 to 96°C. 
MSm/z: 270 (M + +H) . 
[0234] 

Referential Example 31: 6- (2, 5- 

Dif luorophenyl) hydroxymethyl-5-f luoronicotinamide 
[0235] 
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[Chemical formula 39] 




[0236] 

To an acetone (9 ml) solution of the (2,5- 
dif luorophenyl ) ( 3-f luoro-5-hydroxymethylpyridin-2- 
yl) methanol (406 mg, 1.51 mmol) obtained in Referential Ex- 
ample 30 was added a water (9 ml) solution of potassium 
permanganate (795 mg, 7.03 mmol) and the resulting mixture 
was heated under reflux for 4 hours. The precipitate was 
filtered off through Celite. The filtrate was acidified 
with IN hydrochloric acid, followed by extraction with di- 
chloromethane . The organic layer was dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated 
under reduced pressure. The residue thus obtained was 
washed with a mixed solvent of hexane and dichlorome thane, 
and then collected by filtration to give a white solid (367 
mg) . 

To an N,N-dimethylformamide (8 ml) solution of the 
resulting solid (240 mg) were added IH-benzotriazol-l- 
yloxytripyrrolidinophosphonium hexaf luorophosphate (666 mg, 
1.28 mmol), benzotriazol-l-ol (173 mg, 1.28 mmol), N- 
ethyldiisopropylamine (0.595 ml, 3.41 mmol) and ammonium 
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chloride (91 mg, 1.71 mmol) and the resulting mixture was 
stirred at room temperature for 9 hours. To the reaction 
mixture was added ethyl acetate. The resulting mixture was 
washed sequentially with a saturated aqueous solution of 
ammonium chloride, a saturated aqueous solution of sodium 
bicarbonate, and brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography, 
and the fraction obtained from the hexane : ethyl acetate=l:4 
eluate was concentrated under reduced pressure. 

The residue thus obtained was dissolved in ethanol (8 
ml). At 0°C, sodium borohydride (30 mg, 0.79 mmol) was 
added to the resulting solution. After stirring at room 
temperature for 1 hour, water was added to the reaction 
mixture. The resulting mixture was extracted with di- 
chloromethane . The organic layer was dried over anhydrous 
sodium sulfate and filtered. The 'filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the ethyl acetate eluate was concentrated un- 
der reduced pressure to give the title compound (118 mg, 
0.42 mmol, 42%) as a white solid. 
[0237] 

1 H-NMR (400MHz, CDCI3) 5 : 4.97 ( 1H, d, J=6 . 6Hz ) , 
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6.27 (1H, d, J=6. 6Hz) , 6. 91-7 .06 (3H,m) , 
7 .87 (1H, dd, J=9. 4, 1 . 6Hz) , 8.81 (1H, s) . 

mp: 162 to 164°C. 
MSm/z: 283 (M + +H) . 
[0238] 

Referential Example 32: 2- [ (2,5- 

Dif luorophenyl) hydroxymethyl ] -6- (1, 3-dioxolan-2-yl ) pyridine 
[0239] 

[Chemical formula 40] 




[024 0] 

Under an argon atmosphere, a tetrahydrof uran solution 
(2.0M, 12.4 ml, 24.8 mmol) of isopropylmagnesium chloride 
was added dropwise to a tetrahydrof uran (20 ml) solution of 
2-bromo-6- (1, 3-dioxolan-2-yl ) pyridine (2.7 ml, 24.8 mmol) 
under ice cooling. The reaction mixture was stirred at 
room temperature for 3 hours. To the resulting brown solu- 
tion was added dropwise 2 , 5-dif luorobenzaldehyde (2.7 ml, 
24.8 mmol) under ice cooling. The temperature of the reac- 
tion mixture was raised gradually to room temperature and 
then, stirring was conducted for 16 hours. After a satu- 
rated aqueous solution of ammonium chloride was added, the 
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resulting mixture was extracted with ethyl acetate. The 
extract was washed sequentially with water and brine. The 
organic layer thus obtained was dried over magnesium sul- 
fate and concentrated under reduced pressure. The residue 
was subjected to silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=4 : 1 eluate 
was concentrated under reduced pressure to give the title 
compound (2.90 g, 9.89 mmol, 40%) as a colorless oil. 
[0241] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4 . 09-4 .21 (4H,m) , 5. 43 (1H, d, J=4 . 4Hz) , 
5.90 (1H, s) , 6. 11 (lH,d, J=4 .4Hz) , 6 . 87-6 . 95 ( 1H, m) , 6. 99- 
7.05 (lH,m) , 7.10-7.15 (lH,m) , 7 . 2 3 ( 1H, d, J=l . 8Hz ) , 
7.4 8 (lH,d, J=7.8Hz) , 7.72 ( 1H, t , J=7 . 8Hz ) . 
MSm/z: 294 (M + +H) . 
[0242] 

Referential Example 33: 1- [3- (t- 
Butyldimethylsilyloxy) propyl ] piper idin-2 -one 
[0243] 

[Chemical formula 41] 



At 0°C, sodium hydride (60% in oil, 2.22 g, 55.6 
mmol) was added in portions to a tetrahydrof uran solution 




0 



[0244] 
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(200 ml) of piperidin-2-one (5.00 g, 50.5 mmol). The reac- 
tion mixture was then stirred at room temperature for 3 
hours. After addition of ( 3-bromopropoxy) -t- 
butyldimethylsilane (14.1 ml, 60.6 mmol) and N, N- 
dimethylformamide (20 ml) to the reaction mixture, the re- 
sulting mixture was stirred at room temperature for 4 days. 
Water was added to the reaction mixture, followed by ex- 
traction with ethyl acetate. The extract was washed with 
water and brine, dried over magnesium sulfate and concen- 
trated. The residue thus obtained was subjected to silica 
gel column chromatography. The fraction obtained from the 
hexane: ethyl acetate=2 : 1 eluate was concentrated to give 
the title compound (6.44 g, 23.8 mmol, 47%) as a colorless 
oil . 
[0245] 

1 H-NMR (4 00MHz, CDCI3) 5 : 0.05 (6H, s) , 0.89 (9H, s) , 1.74- 
1.85(6H,m), 2.36(2H,t, J=6.0Hz) , 3 . 27-3 . 32 (2H, m) , 3.39- 
3.43(2H,m), 3 . 65 (2H, t, J=6 . 3Hz ) . 
MSm/z: 272 (M + +H) . 
[0246] 

Referential Example 34: 3-Bromo-l- [3- (t- 
butyldimethylsilyloxy) propyl ] piperidin-2-one 
[0247] 

[Chemical formula 42] 
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0 ' 

[0248] 

Under an argon atmosphere, t-butyl lithium (a 1 . 50M 
pentane solution, 1.40 ml, 2.10 mmol) was added dropwise to 
a tetrahydrofuran solution (5 ml) of l-[3-(t- 
butyldimethylsilyloxy) propyl ] piperidin-2-one (542 mg, 2.00 
mmol) at -78°C. The reaction mixture was stirred at -78°C 
for 15 minutes. After a tetrahydrofuran solution (5 ml) of 
t etr abut yl ammonium tribromide (1.16 g, 2.4 0 mmol) was added 
to the reaction mixture, the temperature of the resulting 
mixture was gradually raised to -40°C under stirring. Wa- 
ter was added to the reaction mixture at -4 0°C and then, 
the temperature of the mixture was raised to room tempera- 
ture. The reaction mixture was extracted with ethyl ace- 
tate. The extract was washed with water and brine, dried 
over magnesium sulfate and concentrated. The residue thus 
obtained was subjected to flash silica gel column chroma- 
tography. The fraction obtained from the hexane: ethyl ace- 
tate=2:3 eluate was concentrated to give the title compound 

(72.8 mg, 0.208 mmol, 10%) as a colorless oil. 

[0249] 

X H-NMR (400MHz, CDCI3) 5 : 0.05(6H,s) , 0.89(9H,s) , 1.74- 
1 .88 (3H,m) , 2 .18-2.32 (3H,m) , 3.2 8-3.4 8 (4H,m) , 
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3 . 65 (2H, t, J=6. 1Hz) , 4 . 53-4 .57 (lH,m) . 
MSm/z: 350 (M + +H) . 
[0250] 

Example 1: 2- [ [ (4- 

Chlorophenyl ) sulfonyl] (cyclohexyl) methyl] -1,4- 

dif luorobenzene 

[0251] 

[Chemical formula 43] 



dif luorobenzene (240 mg, 0.793 mmol) obtained in Referen- 
tial Example 1 was dissolved in toluene (20 ml) . After ad- 
dition of cyclohexanol (0.11 ml, 1.0 mmol) and cyanomethyl- 
enetri-n-butylphosphorane (250 mg, 1.0 mmol), the resulting 
mixture was heated under reflux for 14 hours under an argon 
atmosphere. The reaction mixture was allowed to cool and 
then, cyclohexanol (0.22 ml, 2.1 mmol) and cyanomethyl- 
enetri-n-butylphosphorane (500 mg, 2.08 mmol) were added 
thereto. Under an argon atmosphere, the resulting mixture 
was heated under reflux for 14 hours. The reaction mixture 
was allowed to cool and concentrated under reduced pres- 




[0252] 



The 2- [ (4-chlorophenyl) sulf onylmethyl ] -1,4- 
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sure. The residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=30 : 1 ) to give a white 
solid. The white solid was washed with hexane to give the 
title compound (188 mg, 62%) as a white powder. 
[0253] 

Melting point: 107 to 109°C. 

1 H-NMR (400MHz, CDCI3) 5 : 0 . 92-1 . 08 ( 1H, m) , 1 . 08-1 . 22 ( 1H, m) , 
1 .22-1 .50 (3H,m) , 1 . 60-1 . 75 ( 3H, m) , 1 . 75-1 . 88 ( 1H, m) , 
2.37 (lH,brd, J=12.5Hz) , 2 . 48-2 . 62 ( 1H, m) , 4 . 4 4 ( 1H, d, J=7 . 6Hz ) , 
6.68-6.80 (lH,m) , 6 . 8 6- 6 . 95 ( 1H, m) , 7 . 30 ( 2H, dm, J=8 . 6Hz ) , 
7.38-7 .52 (lH,m) , 7 . 4 9 (2H, dm, J=8. 6Hz) . 

Elemental Analysis for C 19 Hi9ClF20 2 S : Calculated: C59.29; 
H4.98; C19.21; F9.87; S8.33. Found: C59.ll; H4.93; 
C19.18; F9.82; S8.49. 
[02 54] 

Example 2 : 4- [ (4- 

Chlorophenylsulf onyl ) ( cyclopentyl ) methyl ] pyridine 
[0255] 

[Chemical formula 44] 




CI 

[0256] 
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A toluene (5 ml) solution of the 4-(4- 
chlorophenylsulfonylmethyl) pyridine (70 mg, 0.261 mmol) ob- 
tained in Referential Example 2, cyclopentanol (49 
0.538 mmol) and cyanomethylenetri-n-butylphosphorane (129 
mg, 0.538mol) was heated under reflux for 3 days under an 
argon atmosphere. After cooling to room temperature, 
cyclopentanol (49 vil, 0.538 mmol) and cyanomethylenetri-n- 
butylphosphorane (129 mg, 0.538 mol) were added to the re- 
action mixture. Under an argon atmosphere, the reaction 
mixture was heated under reflux for 22 hours. The reaction 
mixture was cooled to room temperature and then, concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to flash silica gel column chromatography, 
and the fraction obtained from the hexane: ethyl acetate 
(=2:1) eluate was concentrated under reduced pressure to 
give the title compound (77 mg, 88%) as a white solid. The 
solid thus obtained was washed with hexane-ether and fil- 
tered to give the title compound as a white powder. 
[0257] 

Melting point: 133 to 135°C. 

^-NMR (4 00MHz, CDC1 3 ) 5: 0.92-1.08 (lH,m) , 1 . 44-1 . 83 ( 6H, m) , 
2.33-2.45 (lH,m) , 2 . 78-2 . 90 ( lH,m) , 3.8 8 ( 1H, d, J=l 0 . 3Hz ) , 
7.03 (2H,d, J=5.1Hz) , 7 . 32 ( 2H, d, J=8 . 6Hz ) , 7 . 43 (2H, d, J=8 . 6Hz) , 
8.46 (2H,d, J=5. 6Hz) . 

Elemental Analysis for C 17 Hi 8 ClN0 2 S : Calculated: C60.80; 
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H5 .40 ; CI 1 0 . 56; N4 .17; S 9 .55. Found: C 6 0 .76; H5. 44; 

C110. 68; N4.20; S9.61. 
[0258] 

Example 3: 4- [ ( 4-Chlorophenylsulf onyl ) ( tetrahydropyran-4- 

y 1 ) methyl ] pyridine 

[0259] 

[Chemical formula 45] 




CI 



[0260] 

A toluene (5 ml) solution of the 4-(4- 
chlorophenylsulfonylmethyl) pyridine (70 mg, 0.2 61 mmol) ob- 
tained in Referential Example 2, tetrahydropyran-4-ol (51 
\xl, 0.538 mmol) and cyanomethylenetri-n-butylphosphorane 
(129 mg, 0.538 mol) was heated under reflux for 3 days un- 
der an argon atmosphere. After the reaction mixture was 
cooled to room temperature, tetrahydropyran-4-ol (51 pi, 
0.538 mmol) and cyanomethylenetri-n-butylphosphorane (129 
mg, 0.538 mol) were added thereto. The mixture was heated 
under reflux for 22 hours under an argon atmosphere. After 
cooling to room temperature, the reaction mixture was con- 
centrated under reduced pressure. The residue thus ob- 
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tained was subjected to flash silica gel column chromatog- 
raphy. The fraction obtained from the hexane : ethyl acetate 

(=1:2) eluate was concentrated under reduced pressure to 
give the title compound (65 mg, 71%) a white solid. The 
solid thus obtained was washed with hexane-ether , and fil- 
tered to give the title compound as a white powder. 

[0261] 

Melting point: 208 to 209°C. 

1 H-NMR (400MHz, CDCI3) 5 : 1 . 22-1 . 42 ( 2H, m) , 1 . 60-1 . 75 ( 1H, m) , 
2.30-2.40 (lH,m) , 2 . 7 8-3 . 01 ( 1H, m) , 3 . 4 1 ( 1H, td, J=l 1 . 7 , 2 . 4Hz ) , 
3.51 (1H, td, J=ll . 9, 2 . 0Hz) , 3.80-3.93 (lH,m) , 
3.87 (lH,d, J=8 . 6Hz) , 3 . 98-4 . 06 ( 1H, m) , 7 . 00-7 . 12 ( 2H, m) , 
7.30(2H,d, J=8.8Hz) , 7 . 43 (2H, d, J=8 . 6Hz ) , 8 . 47 ( 2H, d, J=5 . 4Hz ) . 
MS (m/z) : 352 (M + +H) . 
[0262] 

Example 4: 4- [ ( l-Benzylpiperidin-4-yl ) (4- 
chlorophenylsul f onyl ) methyl ] pyridine 
[0263] 

[Chemical formula 46] 




CI 



[0264] 
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A toluene (5 ml) solution of the 4- (4- 
chlorophenylsulf onylmethyl) pyridine (70 mg, 0.261 ramol) ob- 
tained in Referential Example 2, l-benzylpiperidin-4-ol 
(103 mg, 0.538 mmol) and cyanomethylenetri-n- 
butylphosphorane (129 mg, 0.538 mol) was heated under re- 
flux for 3 days under an argon atmosphere. After cooling 
to room temperature, l-benzylpiperidin-4-ol (103 mg, 0.538 
mmol) and cyanomethylenetri-n-butylphosphorane (12 9 mg, 
0.538mol) were added to the reaction mixture. Under an ar- 
gon atmosphere, the resulting mixture was heated under re- 
flux for 22 hours. After cooling to room temperature, the 
reaction mixture was concentrated under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
methanol : methylene chloride (=1:10) eluate was concentrated 
under reduced pressure. The residue thus obtained was pu- 
rified by high performance liquid chromatography (by using 
a mixed solvent system of water/acetonitrile/f ormic acid) 
to give the title compound (40 mg, 35%) as an amorphous 
substance . 
[0265] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1.21-1.37 (2H,m) , 1 . 49-1 . 70 (lH,m) , 
1 . 92-2 . 01 (lH,m) , 2 .03-2 . 14 (lH,m) , 2.25-2 . 35 (lH,m) , 2 .52- 
2 . 65 (lH,m) , 2 .79-2 .85 (lH,m) , 2 . 90-3. 00 (lH,m) , 3 . 47 (2H, s) , 
3.86(lH,d, J=8.1Hz) , 7.02-7.12 (2H,m) , 7.2 0-7.38 (7H,m) , 
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7.43 (2H,d,J=8.5Hz) , 8 . 45 (2H, d, J=5 . 4Hz) . 
HRMS(FAB): as C24H26O2N2CIS (M + +H) 
Calculated: 441 .14 04 . Found: 441 . 13 87 
[0266] 

Example 5: 4- [ ( 4-Chlorophenylsulf onyl ) ( l-methylpiperidin-4- 

yl ) methyl ] pyridine 

[0267] 

[Chemical formula 47] 




CI 



[0268] 

A toluene (5 ml) solution of the 4-(4- 
chlorophenylsulf onylmethyl) pyridine (70 mg, 0.261 mmol) ob- 
tained in Referential Example 2, l-methylpiperidin-4-ol (62 
pi, 0.538 mmol) and cyanomethylenetri-n-butylphosphorane 
(62 pi, 0.538mol) was heated under reflux for 3 days under 
an argon atmosphere. After cooling to room temperature, 1- 
methylpiperidin-4-ol (62 pi, 0.538 mmol) and cyanomethyl- 
enetri-n-butylphosphorane (129 mg, 0.538 mol) were added to 
the reaction mixture. Under an argon atmosphere, the re- 
sulting mixture was heated under reflux for 22 hours. Af- 
ter cooling to room temperature, the reaction mixture was 
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concentrated under reduced pressure. The residue thus ob- 
tained was subjected to silica gel column chromatography. 
The fraction obtained from the methanol rmethylene chloride 

(=1:50) eluate was concentrated under reduced pressure. 
The residue thus obtained was purified by high performance 
liquid chromatography (using a mixed solvent system of wa- 
ter/acetonitrile/f ormic acid) to give the title compound 

(31 mg, 33%) as a white solid. The solid thus obtained was 
washed with hexane-ether and filtered to give the title 
compound as a white powder. 

[0269] 

Melting point: 176 to 177°C. 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 .22-1 .38 (2H,m) , 1 .50-1 . 68 (lH,m) , 
1. 8 8-1.99 (lH,m) , 2 . 0 0-2 . 10 ( 1H, m) , 2.25 (3H, s) , 2.30- 
2 . 4 0 (lH,m) , 2 .50-2 . 63 (lH,m) , 2 . 74-2 . 83 ( 1H, m) , 2.89- 
2 . 95 (lH,m) , 3. 8 6 (1H, d, J=8 . 3Hz) , 7 .08 (2H, d, J=4 . 6Hz) , 
7.30 (2H,d, J=8.6Hz) , 7.44 ( 2H, d, J=8 . 6Hz ) , 8 . 4 6 ( 2H, d, J=5 . 6Hz ) . 
Elemental Analysis for C18H21CIN2O2S : Calculated: C59.25; 
H5.80; C19.72; N7.68; S8.79. Found: C59.00; H5.76; C19.75; 
N7.61; S8.77. 
[0270] 

Example 6: 2- [ [ ( 4-Chlorophenyl ) thio] - (2, 5- 
dif luorophenyl ) methyl ] pyridine 
[0271] 

[Chemical formula 48] 
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[0272] 

The 2- [ ( 2 , 5-dif luorophenyl ) -hydroxymethyl ] pyridine 
(88 mg, 0.40 mmol) obtained in Referential Example 3 was 
dissolved in thionyl chloride (2.0 ml). To the resulting 
solution was added a catalytic amount of dimethylf ormamide, 
followed by stirring for 15 hours. The reaction mixture 
was concentrated under reduced pressure. To the residue 
was added dioxane, and the resulting mixture was concen- 
trated further. The residue was dissolved in dimethylf or- 
mamide (5 ml) . To the resulting solution were added 4- 
chlorobenzenethiol (79 mg, 0.55 mmol) and potassium carbon- 
ate (226 mg, 1.64 mmol) under a nitrogen atmosphere, and 
the mixture was stirred at 50°C for 1 hour. After the re- 
action mixture was cooled to room temperature, diethyl 
ether (50 ml) was added thereto. The resulting mixture was 
washed with water and brine. The organic layer was dried 
over magnesium sulfate, and concentrated under reduced 
pressure. The residue was subjected to silica gel chroma- 
tography (hexane : ethyl acetate=10 : 1 ) to give the title com- 
pound (128 mg, 92%) as an oil. 
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[0273] 

1 H-NMR(400MHz / CDCl 3 )5: 5.89(1H, s) , 6 . 8 0-7 . 27 (7H,m) , 
7.38 (lH,d, J=7.6Hz) , 7.4 8 (lH,m) , 1 . 65 ( 1H, m) , 8.63 (lH,m) . 
MSm/z: 348 (M + +H) . 
[0274] 

Example 7: 2- [ [ ( 4-Chlorophenyl) thio] - (2, 5- 
dif luorophenyl) methyl] -3-methylpyridine 
[0275] 

[Chemical formula 49] 




[0276] 

To a dimethyl formamide (5 ml) solution of the 2- 
[chloro- (2, 5-difluorophenyl) methyl] -3-methylpyridine hydro- 
chloride (94 nig, 0.32 mmol) obtained in Referential Example 
4 were added 4-chlorobenzenethiol (70 mg, 0.49 mmol) and 
potassium carbonate (265 mg, 1.92 mmol) under a nitrogen 
atmosphere. The resulting mixture was stirred at 50°C for 
1 hour. After the reaction mixture was cooled to room tem- 
perature, diethyl ether (50 ml) was added thereto. The re- 
sulting mixture was washed with water and brine. The or- 
ganic layer was dried over magnesium sulfate and concen- 
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trated under reduced pressure. The residue thus obtained 
was subjected to silica gel chromatography (hexane : ethyl 
acetate=10 : 1) to give the title compound (103 mg, 89%) as 
an oil . 
[0277] 

1 H-NMR (400MHz, CDCI3) 5 : 2.21 (3H,s) , 5.87 (lH,s) , 6.77 (lH,m) , 
7.00-7 .19 (5H,m) , 7.36 (lH,m) , 7.45 (lH,m) , 
8.45(lH,dd, J=1.2, 4.8Hz) . 
MSm/z: 3 62 (M + +H) . 
[0278] 

Example 8: 2- [ [ ( 4-Chlorophenyl ) thio] - (2,5- 
dif luorophenyl ) methyl ] -4-methylpyridine 
[0279] 

[Chemical formula 50] 



[0280 




After the 2- [ (2, 5-dif luorophenyl) -hydroxymethyl ] -4- 
methylpyridine (235 mg, 0.53 mmol) obtained in Referential 
Example 6 was dissolved in thionyl chloride (2.0 ml), a 
catalytic amount of dimethyl formamide was added to the re- 
sulting solution. The resulting mixture was stirred for 16 
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hours. The reaction mixture was concentrated under reduced 
pressure. To the residue was added dioxane, followed by 
further concentration. The residue thus obtained was dis- 
solved in dimethyl formamide (10 ml) . To the resulting so- 
lution were added 4-chlorobenzenethiol (217 mg, 1.5 mmol) 
and potassium carbonate (828 mg, 6.0 mmol) under a nitrogen 
atmosphere. The resulting mixture was stirred at 50°C for 
1 hour. After the reaction mixture was cooled to room tem- 
perature, diethyl ether (50 ml) was added thereto. The re- 
sulting mixture was washed with water and brine. The or- 
ganic layer was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to silica gel chromatography (hexane : ethyl 
acetate=10 : 1) to give the title compound (290 mg, 80%) as 
an oil. 
[0281] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 2.31(3H,s), 5.82(lH,s), 6.80- 
7.0(3H,m) , 7.15 (2H,d, J=8.8Hz) , 7.16(lH,m) , 
7.21 (2H,d, J=8 .8Hz) , 7.45 (lH,m) , 8 .45 (lH,d, J=5. 6Hz) . 
MSm/z: 362 (M + +H) . 
[0282] 

Example 9: 2- [ [ ( 4-Chlorophenyl ) thio] - (2,5- 
dif luorophenyl) methyl] -3-methoxypyridine 
[0283] 

[Chemical formula 51] 
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[0284] 

After the 2- [ (2, 5-dif luorophenyl) -hydroxymethyl ] -3- 
methoxypyridine (251 mg, 1.0 mmol) obtained in Referential 
Example 9 was dissolved in thionyl chloride (2.0ml), a 
catalytic amount of dimethyl formamide was added to the re- 
sulting solution. The resulting mixture was stirred for 16 
hours. The reaction mixture was concentrated under reduced 
pressure. To the residue was added dioxane, followed by 
further concentration. The residue thus obtained was dis- 
solved in dimethyl formamide (10 ml) . To the resulting so- 
lution were added 4-chlorobenzenethiol (289 mg, 2.0 mmol) 
and potassium carbonate (1.10 g, 8.0 mmol) under a nitrogen 
atmosphere. The resulting mixture was stirred at 50°C for 
1 hour. After the reaction mixture was cooled to room tem- 
perature, diethyl ether (50 ml) was added thereto. The re- 
sulting mixture was washed with water and brine. The or- 
ganic layer was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue was subjected 
to silica gel chromatography (hexane : ethyl acetate=10 : 1 ) to 
give the title compound (256 mg, 58%) as an oil. 
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[0285] 

1 H-NMR(4 00MHz / CDCl 3 ) 6: 3 .77 (3H, s) , 6.2 5 (1H, s) , 6. 82 (2H,m) , 
7.15 (2H,d, J=8.4Hz) , 7 . 1 0-7 . 20 ( 2H, m) , 7 . 25 (2H, d, J=8 . 8Hz) , 
7.52 (lH,m) , 8.24 (lH,m) . 
MSm/z: 378 (M + +H) . 
[0286] 

Example 10: 3-Allyloxy-2- [ [ ( 4-chlorophenyl ) thio] - (2, 5- 
dif luorophenyl ) methyl ] pyridine 
[0287] 

[Chemical formula 52] 



The 3-allyloxy-2- [ ( 2 , 5-dif luorophenyl ) -hydroxymethyl ] 
pyridine (370 mg, 1.33 mmol) obtained in Referential Example 
10 was dissolved in thionyl chloride (2.0 ml) . To the resul 
ting solution was added a catalytic amount of dimethyl formam 
ide. The resulting mixture was stirred for 16 hours. The re 
action mixture was concentrated under reduced pressure. Dio 
xane was added to the residue, followed by further concentra 
tion. The residue thus obtained was dissolved in dimethylfo 
rmamide (10 ml) . To the resulting solution were added 4^chl 




[0288] 
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orobenzenethiol (217 mg, 1.5 mmol) and potassium carbonate ( 
828 mg, 6.0 mmol) under a nitrogen atmosphere. The resultin 
g mixture was stirred at 50°C for 1 hour. After the reaction 

mixture was cooled to room temperature, diethyl ether (50 m 
1) was added thereto. The resulting mixture was washed with 

water and brine. The organic layer was dried over magnesiu 
m sulfate and concentrated under reduced pressure. The resi 
due was subjected to silica gel chromatography (hexane : ethyl 

acetate=10 : 1) to give the title compound (256 mg, 68%) as a 
noil. 

[0289] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4.46(2H,m), 5 . 24 ( 1H, d, J=10 . 6Hz ) , 5.28 
(lH,d, J=17.2Hz) , 5.90(lH,m), 6 . 29 ( 1H, d, J=l . 2Hz) , 6.82(2H,m) 

., 7.15(2H,d, J=8.4Hz) , 7 . 0 6-7 . 2 0 ( 2H, m) , 7 . 24 (2H> d, J=8 . 4Hz ) , 

7.50(lH,m) , 8.24 (lH,m) . 

MSm/z: 404 (M + +H) . 
[0290] 

Example 11: 3- [ [ (4-Chlorophenyl) thio] - (2, 5- 
dif luorophenyl) methyl] pyridine 
[0291] 

[Chemical formula 53] 
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The 3- [ (2, 5-dif luorophenyl) -hydroxymethyl ] pyridine 
(87 mg, 0.39 mmol) obtained in Referential Example 11 was 
dissolved in thionyl chloride (1.0 ml). A catalytic amount 
of dimethyl formamide was added to the resulting solution 
and the resulting mixture was stirred for 14 hours. The 
reaction mixture was concentrated under reduced pressure. 
To the residue was added dioxane and the resulting mixture 
was concentrated further. The residue thus obtained was 
dissolved in dimethyl formamide (5 ml) , followed by the ad- 
dition of 4-chlorobenzenethiol (84 mg, 0.58 mmol) and po- 
tassium carbonate (323 mg, 2.34 mmol) under a nitrogen at- 
mosphere. The resulting mixture was stirred at 50°C for 1 
hour. After the reaction mixture was cooled to room tem- 
perature, diethyl ether (50 ml) was added thereto. The re- 
sulting mixture was washed with water and brine. The or- 
ganic layer was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to silica gel chromatography (hexane : ethyl 
acetate=l:l) to give the title compound (131 mg, 96%) as an 
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[0293] 

1 H-NMR (4 00MHz, CDCI3) 5 : 5.73 (1H, s) , 6 . 8 4- 6 . 96 (2H, m) , 
7 . 18 (2H,m) , 7.19 (2H,m) , 7 .15-7.22 (2H,m) , 7 . 71 ( 1H, m) , 
8 .49 (1H, dd, J=l . 6, 4 . 8Hz) , 8 . 58 (1H, d, J=2 .0Hz) . 
MSm/z: 348 (M + +H) . 
[0294] 

Example 12: 5- [ [ ( 4-Chlorophenyl ) thio] - (2,5- 
di f luorophenyl ) methyl ] pyr imidine 
[0295] 

[Chemical formula 54 ] 



The 5- [ (2, 5-dif luorophenyl) -hydroxymethyl] pyr imidine 
(111 mg, 0.5 mmol) obtained in Referential Example 12 was 
dissolved in thionyl chloride (1.0 ml). A catalytic amount 
of dimethyl formamide was added and the resulting mixture 
was stirred for 16 hours. The reaction mixture was concen- 
trated under reduced pressure. To the residue was added 
dioxane, and the resulting mixture was concentrated fur- 
ther. The residue was dissolved in dimethyl formamide (5 




[0296] 



ml), followed by the addition of 4-chlorobenzenethiol (108 
mg, 0.75 mmol) and potassium carbonate (414 mg, 3.0 mmol) 
under a nitrogen atmosphere. The resulting mixture was 
stirred at 50°C for 1 hour. After the reaction mixture was 
cooled to room temperature, diethyl ether (50ml) was added 
thereto. The resulting mixture was washed with water and 
brine. The organic layer was dried over magnesium sulfate 
and concentrated under reduced pressure. The residue was 
subjected to silica gel chromatography (hexane : ethyl ace- 
tate=4:l) to give a mixture (202 mg) of the title compound 
and an unidentified compound as an oil. 
[0297] 

1 H-NMR ( 4 0 0MHz , CDCI3 ) 5 : 5.66(lH,s) , 6.96(2H,m) , 7.17- 
7 .34 (5H,d) , 8 .70 (2H, s) , 9. 09 (1H, s) . 
MSm/z: 34 9 (M + +H) . 
[0298] 

Example 13: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 
dif luorophenyl) methyl] pyridine 
[0299] 

[Chemical formula 55] 




112 



[0300] 

To a methanol (12 ml) solution of the 2-[[(4- 
chlorophenyl) thio] - (2, 5-dif luorophenyl ) methyl ] pyridine (120 
mg, 0.345 mmol) obtained in Example 6 was added hexaammo- 
nium heptamolybdate tetrahydrate (80 mg) . To the resulting 
mixture was added 30% aqueous hydrogen peroxide (6 ml), 
followed by stirring for 24 hours. The precipitate thus 
formed was collected by filtration and recrystallized from 
ethanol to give the title compound (96 mg, 73%) as color- 
less needle crystals. 
[0301] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 5.93(lH,s) , 6 . 87-7 . 00 (2H, m) , 

7.28 (lH,m) , 7.37 (2H, d, J=8. 8Hz) , 7 .53 (2H,d, J=8 .8Hz) , 

7 . 60 (1H, d, J=8 . 0Hz) , 7 .71 (lH,m) , 8 .00 (lH,m) , 8 .59 (lH,m) . 

mp: 171 to 172°C. 
MSm/z: 38 0 (M++H) . 

Elemental Analysis for C18H12CIF2NO2S : Calculated: C, 56.92; 
H,3.18; N,3.69; S,8.44; CI, 9.33; F, 10.00. Found: C, 56.76; 
H,3.19; N,3.77; S,8.55; CI, 9.27; F, 10.02. 
[0302] 

Example 14: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 
dif luorophenyl ) methyl ] -3-methylpyridine 
[0303] 

[Chemical formula 56] 
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[0304] 

In a similar manner to Example 13, the title compound 
(35 mg, 35%) as colorless needle crystals by synthesizing 
using the 2- [ [ (4-chlorophenyl) thio] - (2, 5- 

dif luorophenyl) methyl] -3-methylpyridine obtained in Example 
7 and purifying by silica gel chromatography (hexane : ethyl 
acetate= 5:1). 
[0305] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2.36(3H,s), 6.18(lH,s), 6.89- 
7.02(2H,m), 7.17(lH,m), 7 . 37 ( 2H, d, J=8 . 4Hz ) , 
7.46(lH,d, J=7.2Hz) , 7 . 53 ( 2H, d, J=8 . 4Hz ) , 8.06(lH,m), 
8.53 (lH,d, J=4.0Hz) . 
mp: 142 to 143°C. 

Elemental Analysis for C19H14CIF2NO2S : Calculated: C, 57.94; 
H,3.58; N,3.56; S,8.12; Cl,9.00; F,9.65. Found: C, 58.03; 
H,3.66; N,3.78; S,8.12; Cl,9.13; F,9.59. 
[0306] 

Example 15: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 
dif luorophenyl ) methyl ] - 5-methylpyr idine 
[0307] 
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[Chemical formula 57] 




[0308] 

1) 2- [ [ (4-Chlorophenyl) thio] - (2, 5-dif luorophenyl ) methyl] -5- 
methylpyridine 
[0309] 

[Chemical formula 58] 




[0310] 

The 2- [ (2, 5-dif luorophenyl) -hydroxymethyl] -5- 
methylpyridine (125 mg, 0.53 mmol) obtained in Referential 
Example 5 was dissolved in thionyl chloride (1.0 ml). To 
the resulting solution was added a catalytic amount of di- 
methyl formamide . The resulting mixture was stirred for 14 
hours. The reaction mixture was concentrated under reduced 
pressure. Dioxane was added to the residue, followed by 
further concentration. The residue was dissolved in di- 
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methyl formamide (5 ml) . To the resulting solution were 
added 4-chlorobenzenethiol (115 mg, 0.80 mmol) and potas- 
sium carbonate (438 mg, 3.18 mmol) under a nitrogen atmos- 
phere. The resulting mixture was stirred at 50°C for 1 
hour. After the reaction mixture was cooled to room tem- 
perature, diethyl ether (50 ml) was added thereto. The re- 
sulting mixture was washed with water and brine. The or- 
ganic layer was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue was subjected 
to silica gel chromatography (hexane : ethyl acetate=10 : 1 ) to 
give the title compound (120 mg, 66%) as an oil. 
[0311] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 2 .29 (3H, s) , 5 . 83 (1H, s) , 6.8 0- 
6. 93 (2H,m) , 7. 16 (2H,m) , 7 .20 (2H,m) , 7 .28 (lH,m) , 7 . 43 (lH,m) , 
8.41 (lH,d, J=0.8Hz) . 
MSm/z: 3 62 (M + +H) . 
[0312] 

2) 2- [ [ (4-Chlorophenyl) sulfonyl] - (2,5- 
dif luorophenyl) methyl] -5-methylpyridine 

In a similar manner to Example 13, the title compound 
(91 mg, 73%) as colorless needle crystals by the synthesis 
using the 2- [ [ ( 4-chlorophenyl ) thio] - (2, 5- 
dif luorophenyl) methyl] -5-methylpyridine obtained by the 
above reaction. 
[0313] 
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1 H—NMR (4 00MHz, CDCI3) 5 : 2 . 33 ( 3H, s ) , 5 . 8 9 ( 1H, s ) , 6.88- 
7.01 (2H,m), 7.37 (2H,d, J=8.8Hz) , 7 . 48-7 . 56 ( 2H, m) , 
7.53 (2H,d, J=8.8Hz) , 7.99 (lH,m) , 8.42 (lH,s) . 
mp: 159 to 160°C. 

Elemental Analysis for Ci9H 14 ClF 2 N02S : Calculated: C, 57.94 ; 
H,3.58; N,3.56; S,8.12; CI, 9.00; F,9.56. Found: C. 57.88; 
H,3.61; N,3.68; S,8.27; CI, 9.11; F,9.70. 
[0314] 

Example 16: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] -(2,5- 
dif luorophenyl) methyl] -4-methylpyridine 
[0315] 

[Chemical formula 59] 




[0316] 

In a similar manner to Example 13, the title compound 
(140 mg, 95%) as colorless needle crystals by the synthesis 
using the 2- [ [ (4-chlorophenyl) thio] - (2, 5- 

dif luorophenyl) methyl] -4-methylpyridine obtained in Example 
8 and purification by silica gel chromatography (hex- 
ane: ethyl acetate=3 : 1 ) . 
[0317] 
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l H-NMR (400MHz, CDCl 3 ) 5: 2.36(3H,s), 5.88 (lH,s), 6.8.8- 
7.02(2H,m), 7 . 09 ( 1H, d, J=5 . 2Hz) , 7 . 37 ( 2H, d, J=8 . 8Hz ) , 
7.41(lH,m), 7.52 (2H,d, J=8.8Hz) , 7 . 97 ( 1H, m) , 
8.43 (lH,d, J=5.2Hz) . 
mp: 116 to 117°C. 

Elemental Analysis for C19H14CIF2NO2S : Calculated: C, 57.94; 
H,3.58; N,3.56; S,8.12; CI, 9.00; F,9.65. Found: C,57.80; 
H,3.66; N,3.72; S,8.29; CI, 9. 05; F,9.71%. 
[0318] 

Example 17: 2- [ [ ( 4-Chlorophenyl) sulfonyl] - (2,5- 
dif luorophenyl ) methyl] -3-methoxypyridine 
[0319] 

[Chemical formula 60] 




[0320] 

In a similar manner to Example 13, the title compound 
(71 mg, 87%) as colorless columnar crystals by the synthe- 
sis using the 2- [ [ (4-chlorophenyl) thio] - (2, 5- 
dif luorophenyl ) methyl] -3-methoxypyridine obtained in Exam- 
ple 9 and recrystallization from ethanol. 
[0321] 
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1 H-NMR(4 00MHz,CDCl 3 ) 6: 3.72(3H,s), 6. 62 (lH,s), 6.90- 
7 . 04 <2H,m) , 7.09(lH,m), 7.24(lH,m), 7 . 35 (2H, d, J=8 . 8Hz) , 
7.53(2H,d, J=8.8Hz) , 8.18(lH,m), 8 . 30 ( 1H, m) . 
mp: 184 to 185°C. 

Elemental Analysis for Ci 9 H 1(i ClF2N03S : Calculated: C, 55.68 ; 
H,3.44; N,3.42; S,7.82; CI, 8. 65; F,9.27. Found: C, 55.68; 
H, 3.45; N, 3.60; S, 7. 98; CI, 8.74; F, 9.23. 
[0322] 

Example 18: 3-Allyloxy-2- [ [ ( 4-chlorophenyl ) sulfonyl] - (2, 5- 

dif luorophenyl ) methyl ] pyridine 

[0323] 

[Chemical formula 61] 




[0324] 

In a similar manner to Example 13, the title compound 
(135 mg, 80%) as colorless needle crystals by the synthesis 
using the 3-allyloxy-2- [[( 4-chlorophenyl) thio] - (2, 5- 
dif luorophenyl ) methyl ] pyridine obtained in Example 10 and 
crystallization from ethanol. 
[0325] 
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X H-NMR (4 00MHz, CDCI3) 5 : 4 .38 (lH,m) , 4 . 4 6 (lH,m) , 

5.2 9 (lH,dd, J=l .2, 10.4Hz) , 5.35 (lH,dd, J=1.2, 17 .2Hz) , 

5.93 (lH,m) , 6.68 (lH,s) , 6.91-7.04 (2H,m) , 7.08 (lH,m) , 

7 .22 (1H, dd, J=4 .8,8. 4Hz) , 7 . 34 (2H, d, J=8 . 8Hz) , 

7.53 (2H, d, J=8 . 8Hz) , 8.17 (lH,m) , 8.31 (lH,m) . 

mp: 119 to 120°C. 

Elemental Analysis for C21H16CIF2NO3S : Calculated: C, 57.87; 
H,3.70; N,3.21; S,7.36; CI, 8.13; F,8.72. Found: C, 57.90; 
H,3.75; N,3.37; S,7.51; CI, 8.20; F,8.73. 
[0326] 

Example 19: 3- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 
dif luorophenyl ) methyl ] pyridine 
[0327] 

[Chemical formula 62] 




[0328] 

In a similar manner to Example 13, the title compound 
(118 mg, 86%) as colorless needle crystals by the synthesis 
using the 3- [ [ ( 4-chlorophenyl ) thio] - (2, 5- 

dif luorophenyl) methyl] pyridine obtained in Example 11 and 
purification by silica gel chromatography (hexane : ethyl 
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acetate=4 : 1) . 
[0329] 

^-NMR (4 00MHz, CDCI3) 6: 5. 68 (1H, s) , 6. 91-7 .07 (2H,m) , 

7 .34 (lH,m) , 1 .40 (2H,d, J=8 . 4Hz) , 7 . 57 (2H, d, J=8 .4Hz) , 

7 .76 (lH,m) , 8 .04 (lH,m) , 8 . 53 (lH,d, J=2 .0Hz) , 8 . 59 (lH,m) . 

mp: 130 to 131°C. 

Elemental Analysis for C18H12CIF2NO2S : Calculated: C, 56.92 ; 
H,3.18; N,3.69; S,8.44; Cl,9.33; F, 10.00. Found: C, 56.87; 
H,3.16; N,3.74; S,8.51; CI, 9.34; F, 10.00. 
[0330] 

Example 20: 4- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2,5- 
dif luorophenyl ) methyl ] pyridine 
[0331] 

[Chemical formula 63] 



The 2, 5-dif luorophenyl-4-pyridylmethanol (75 mg, 0.34 
mmol) obtained in Referential Example 18 was dissolved in 
thionyl chloride (1.0 ml). A catalytic amount of dimethyl- 
formamide was added to the resulting solution and the mix- 
ture was stirred for 14 hours. The reaction mixture was 




[0332] 
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concentrated under reduced pressure. To the residue was 
added dioxane. The resulting mixture was concentrated fur- 
ther. The residue thus obtained was dissolved in dimethyl- 
formamide (5 ml), followed by the addition of 4- 
chlorobenzenethiol (74 mg, 0.51 mmol) and potassium carbon- 
ate (281 mg, 2.04 mmol) under a nitrogen atmosphere. The 
resulting mixture was stirred at 50°C for 1 hour. After 
the reaction mixture was cooled to room temperature, di- 
ethyl ether (50 ml) was added thereto. The resulting mix- 
ture was washed with water and brine. The organic layer 
was dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue was subjected to silica gel 
chromatography - (hexane : ethyl acetate=l:l) to give a mixture 
containing 4- [ [ ( 4-chlorophenyl ) thio] - (2, 5- 
dif luorophenyl ) methyl ] pyridine . 

To a methanol (12 ml) solution of the mixture were 
added hexaammonium heptamolybdate tetrahydrate (60 mg) and 
30% aqueous hydrogen peroxide (6 ml) sequentially. The re- 
sulting mixture was stirred for 65 hours. To the reaction 
mixture was added ethyl acetate (80 ml) . The resulting 
mixture was washed with water and brine, dried over anhy- 
drous magnesium sulfate and concentrated under reduced 
pressure to remove the solvent. The residue was purified 
by silica gel chromatography (hexane : ethyl acetate=4 : 1 to 
1:1) to give the title compound (51 mg, 39%) . Recrystalli- 
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zation of the compound from ethanol yielded colorless nee- 
dle crystals. 
[0333] 

1 H-NMR (400MHz, CDCI3) 5 : 5.64(lH,s), 6. 91-7 .06 (2H,m) , 

7.40 (2H,d, J=8.0Hz) , 7 . 4 5 ( 2H, d, J=4 . 8Hz ) , 7 . 58 (2H, d, J=8 . 0Hz) , 

7.70(lH,s), 8.61 (2H,d, J=4.8Hz) . 

mp: 126 to 127°C. 

Elemental Analysis for C18H12CIF2NO2S : Calculated: C, 56.92 ; 
H,3.18; N,3.69; S,8.44; CI, 9.33; F,10.00. Found: C, 56.66; 
H,3.16; N,3.83; S,8.58; CI, 9.32; F,9.99. 
[0334] 

Example 21: 5- [ [ ( 4-Chlorophenyl ) sulfonyl] -(2,5- 
dif luorophenyl) methyl] pyrimidine 
[0335] 

[Chemical formula 64] 



In a similar manner to Example 13, the title com- 
pound (71 mg, 87%: yield: two steps after the 5- [(2,5- 
dif luorophenyl) -hydroxymethyl] pyrimidine obtained in Refer- 
ential Example 12) as colorless columnar crystals by the 




[0336] 



synthesis using the 5- [ [ (4-chlorophenyl) thio] - (2, 5- 

dif luorophenyl) methyl ] pyrimidine obtained in Example 12 and 

purification by silica gel chromatography (hexane : ethyl 

acetate=5 : 1 ) . 

[0337] 

1 H-NMR (4 00MHz, CDCl 3 ) 5: 5 . 65 (1H, s) , 6. 93-7 .10 (2H,m) , 
7.43 (2H,d, J=8.8Hz) , 7 . 61 ( 2H, d, J=8 . 8Hz ) , 7.73 (lH,m) , 
8.90(2H,s), 9.21(lH,s). mp : 136 to 137°C. 

Elemental Analysis for C17H11CIF2N2O2S : Calculated: C, 53.62 ; 
H,2.91; N,7.36; S,8.42; CI, 9.31; F,9.98. Found: C, 53.64; 
H,2.83; N,7.44; S,8.61; CI, 9.34; F,9.96. 
[0338] 

Example 22: 3- [ [ ( 4-Chlorophenyl ) thio] - (2,5- 
dif luorophenyl) methyl] -4-hydroxychromen-2-one 
,[0339] 

[Chemical formula 65] 




[0340] 

After glacial acetic acid (60 mg, 1 mmol) and pyri- 
dine (80.5 1 mmol) were added to an ethanol (4 ml) so- 
lution of 2, 5-dif luorobenzaldehyde (109 yl, 1 mmol), 4- 



124 



hydroxycoumarine (162 mg, 1 mmol) and 4-chlorothiophenol 
(144.6 mg, 1 mmol) at room temperature, the resulting mix- 
ture was stirred for 24 hours. The precipitate thus formed 
was collected by filtration and washed with a small amount 
of ethanol to give the title compound (345 mg, 80%) as a 
white solid. 
[0341] 

1 H-NMR (4 00MHz, CDCl 3 ) 5: 6.16 (1H, s) , 6. 95-7.12 (3H,m) , 7.24- 

7 .27 (lH,m) , 7 .27 (2H,d, J=8 . 8Hz) , 7 .32 (1H, t, J=7. 6Hz) , 

7.43 (2H,d, J=8.8Hz) , 7.56 (lH,m) , 7 . 94 (lH,dd, J=1.6, 7 . 6Hz) . 

mp: 146 to 147°C. 
MSm/z: 431 (M + +H) . 
[0342] 

Example 23: 3- [ [ ( 4-Chlorophenyl ) sulfonyl] -(2,5- 
difluorophenyl) methyl] -4-methoxychromen-2-one (Compound A) 
and 3- [ [ ( 4-chlorophenyl ) sulfonyl] - (2, 5- 

difluorophenyl) methyl] -2-methoxychromen-4-one (Compound B) 
[0343] 

[Chemical formula 66] 




Compound A Compound B 
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[0344] 

A hexane solution of (0.41 ml, 0.822 mmol) of 2N 
trimethylsilyldiazomethane was added in portions to a ben- 
zene-methanol (10:1) solution of 3- [ [ ( 4-chlorophenyl ) thio] - 

(2, 5-dif luorophenyl) methyl] -4-hydroxychromen-2-one (118 mg, 
0.274 mmol) at room temperature. The resulting mixture was 
stirred for 5 minutes. After acetic acid was added until 
the solution became colorless, the reaction mixture was 
concentrated under reduced pressure. 

The residue was dissolved in methanol (12 ml) . To 
the resulting solution were added 30% aqueous hydrogen per- 
oxide (6 ml) and hexaammonium heptamolybdate tetrahydrate 

(60 mg) . The resulting mixture was stirred for 20 hours. 
Ethyl acetate (50 ml) was added to the reaction mixture. 
The resulting mixture was washed with water and brine, 
dried over anhydrous magnesium sulfate and concentrated un- 
der reduced pressure. The residue was purified by silica 
gel chromatography (hexane : ethyl acetate=5:l to 3:1) to 
give a nonpolar compound (22 mg, 17%) as needle crystals, 
and a polar compound (9.0 mg, 7%) as a white solid after 
solidification from hexane. As a result of the NOE (nu- 
clear Overhauser effect) test of the nonpolar compound, NOE 
was observed between the methoxy and hydrogen at the 5- 
position of the chromenone. In the test of the polar com- 
pound, on the other hand, NOE was not observed between the 
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methoxy and the hydrogen on the aromatic ring of chromenone 
but was observed between the methoxy and the hydrogen at 
the 6-position on the dif luorobenzene ring. Based on this 
result, the structure of the nonpolar compound was identi- 
fied as 3- [ [ (4-chlorophenyl) sulfonyl] - (2, 5- 

dif luorophenyl) methyl ] -4-methoxychromen-2-one (Compound A) 
and that of the polar compound was identified as 3-[[(4- 
chlorophenyl) sulfonyl] - (2, 5-dif luorophenyl ) methyl ] -2- 
methoxychromen-4-one (Compound B) . 
[0345] 
Compound A 

1 H-NMR ( 4 0 0MHz , CDCI3 ) 5 : 4.13(3H,s), 6.39(lH,s), 6.88(lH,m), 
6.98(lH,m), 7 .3-7.4 (2H,m) , 7 . 43 (2H, d, J=8 . 8H2) , 7.58(lH,m), 
7.70 (2H,d, J=8.8Hz) , 7.73(lH,m), 8.09<lH,m). 
mp: 178 to 179°C. 

Elemental Analysis for C23H15CIF2O3S : Calculated: C, 57 .93; 
H,3.17; S,6.72; CI, 7. 43; F,7.97. Found: C, 57.59; H,3.14; 
S,6.85; CI, 7.52; F, 8.01. 
[0346] 
Compound B 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 4.23(3H,s), 6.54(lH,s), 6.89(lH,m); 
6.96(lH,m), 7.41 (2H,d, J=8.4Hz) , 7 . 4-7 . 4 6 (2H, m) , 7.63(lH,m), 
7.73 (2H,d, J=8.4Hz) , 8.02(lH,m), 8 . 14 ( 1H, dd, J=l . 6, 8 . 0Hz ) . 
mp: 162 to 163°C. 

FAB-MS: 477 .0366 (Calcd for C23H16CIF2O5S : 477.0375). 
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[0347] 

Example 24: 2- [ [ ( 4-Chlorophenyl ) thio] - (2,5- 

dif luorophenyl ) methyl] -1 -me thy 1-lH-benz imidazole 

[0348] 

[Chemical formula 67] 




[0349] 

Trif luoroacetic acid (2.0 ml) was added to the 2-[(t- 
butoxycarbonyloxy) - (2, 5-dif luorophenyl ) methyl] -1-methyl-lH- 
benzimidazole (204 mg, 0.545 mmol) obtained in Referential 
Example 13. The resulting mixture was stirred at room tem- 
perature for 30 minutes. The reaction mixture was concen- 
trated under reduced pressure. Dioxane was added to the 
residue, followed by further concentration under reduced 
pressure. The residue was dissolved in thionyl chloride 
(1.0 ml). One drop of dimethyl formamide was added to the 
resulting solution. The resulting mixture was stirred for 
16 hours at room temperature. The reaction mixture was 
concentrated under reduced pressure. Dioxane was added to 
the residue and the resulting mixture was concentrated fur- 
ther under reduced pressure. The residue was dissolved in 
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dimethyl formamide (5.0 ml). After addition of 4- 
chlorobenzenethiol (118 mg, 0.82 mmol) and potassium car- 
bonate (451 mg, 3.27 mmol), the resulting mixture was 
stirred at 50°C for 2 hours. The reaction mixture was then 
allowed to stand at room temperature and ethyl acetate (60 
ml) was added thereto. The resulting mixture was washed 
with water and brine, dried over anhydrous magnesium sul- 
fate and concentrated under reduced pressure. The residue 
thus obtained was purified by silica gel chromatography 

(hexane: ethyl acetate=10:l to 5:1) to give the title com- 
pound (195 mg, 89%) as a colorless oil. 

[0350] 

1 H-NMR ( 4 00MHz , CDCI3) 5 ' 3.67 (3H,s) , 5.91 (lH,s) , 6.87- 
6.93 (2H,m) , 7 . 1 9 ( 2H, d, J=8 . 8Hz ) , 7.27 ( 2H, d, J=8 . 8Hz ) , 7.25- 
7.33 (3H,m) , 7.60 (lH,m) , 7.85(lH,m) . 
MSm/z: 401 (M + +H) . 
[0351] 

Example 25: 2- [ [ ( 4-Chlorophenyl ) thio] - (2, 5- 

dif luorophenyl) methyl] -1 -methyl- 5- chloro-lH- imidazole 

[0352] 

[Chemical formula 68] 




[0353] 

Trif luoroacetic acid (10 ml) was added to the 2- [ (t- 
butoxycarbonyloxy) - (2, 5-dif luorophenyl ) methyl ] - 1 -me thy 1-5- 
chloro-lH- imidazole (404 mg, 1.13 mmol) obtained in Refer- 
ential Example 14. The resulting mixture was stirred at 
room temperature for 3 hours. The reaction mixture was 
concentrated under reduced pressure. Dioxane was added to 
the residue, followed by further concentration under re- 
duced pressure. The residue was dissolved in thionyl chlo- 
ride (2.0 ml) and to the resulting solution was added a 
drop of dimethyl formamide . The mixture was stirred at room 
temperature for 17 hours. The reaction mixture was concen- 
trated under reduced pressure. Dioxane was added to the 
residue, followed by further concentration under reduced 
pressure. The residue was dissolved in dimethyl formamide 
(5.0 ml). To the resulting solution were added 4- 
chlorobenzenethiol (244 mg, 1.69 mmol) and potassium car- 
bonate (936 mg, 6.78 mmol) . The resulting mixture was 
stirred at 50°C for 2 hours. The reaction mixture was al- 
lowed, to stand until it became room temperature. Ethyl 
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ether (60 ml) was added. The resulting mixture was washed 
with water and brine, dried over anhydrous magnesium sul- 
fate, and concentrated under reduced pressure. The residue 
was purified by silica gel chromatography (hexane : ethyl 
acetate=10:l to 5:1) to give the title compound (195 mg, 
89%) as a colorless oil. 
[0354] 

1 H-NMR (400MHz, CDCI3) 5 : 3.57 (3H,s) , 5.67 (lH,s) , 6.8 9- 

6. 95 (2H,m) , 6. 97 (1H, s) , 7 .20 (2H, d, J=8 .4Hz) , 

7.21 (2H,d, J=8.4Hz) , 7.54 (lH,m) . MSm/z: 386 (M + +H) . 

[0355] 

Example 26: 2- [ [ ( 4-Chlorophenyl ) thio] - (2, 5- 
dif luorophenyl) methyl] thiazole 
[0356] 

[Chemical formula 69] 



The 2- [ (2, 5-dif luorophenyl) -hydroxymethyl ] thiazole 
(348 mg," 1.53 mmol) obtained in Referential Example 15 was 
dissolved in thionyl chloride (1.5 ml). To the resulting 
solution was added a drop of dimethyl f ormamide . The re- 




[0357] 



suiting mixture was stirred at room temperature for 14 
hours. The reaction mixture was concentrated under re- 
duced pressure. Dioxane was added to the residue, followed 
by further concentration under reduced pressure. The resi- 
due was dissolved in dimethyl formamide (10.0 ml). To the 
resulting solution were added 4-chlorobenzenethiol (332 mg, 
2.3 mmol) and potassium carbonate (845 mg, 6.12 mmol) . The 
resulting mixture was stirred at 50°C for 2 hours. After 
the reaction mixture was allowed to stand until it became 
room temperature, ethyl acetate (60 ml) was added thereto. 
The resulting mixture was washed with water and brine, 
dried over anhydrous magnesium sulfate and concentrated un- 
der reduced pressure. The residue was purified by silica 
gel chromatography (hexane : ethyl acetate=10:l to 6:1) to 
give the title compound (130 mg, 24%) as a colorless oil. 
[0358] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 6. 04 (1H, s) , 6. 90-7 . 06 (2H,m) , 
7 .22 (2H, d, J=8 .4Hz) , 7 .30 (2H, d, J=8 . 4Hz) , 7 . 15-7 . 35 (2H,m) , 
7 .76 (lH,d, J=3.2Hz) . 
MSm/z: 354 (M + +H) . 
[0359] 

Example 27: 2- [ [ ( 4-Chlorophenyl ) thio] - (2, 5- 
dif luorophenyl) methyl ] -1- ( 4-methoxyphenyl ) -lH-imidazole 
[0360] 

[Chemical formula 70] 
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[0361] 

Trif luoroacetic acid (10 ml) was added to the 2-[(t- 
butoxycarbonyloxy) - (2, 5-dif luorophenyl ) methyl] -1- (4- 
methoxyphenyl) -IH-imidazole (667 mg, 1.6 mmol) obtained in 
Referential Example 16. The resulting mixture was stirred 
at room temperature for 3 hours. The reaction mixture was 
concentrated under reduced pressure. Dioxane was added to 
the residue, followed by further concentration under re- 
duced pressure. The residue was dissolved in thionyl chlo- 
ride (2.0 ml) and to the resulting solution was added a 
drop of dimethyl formamide . The resulting mixture was 
stirred at room temperature for 17 hours. The reaction 
mixture was concentrated under reduced pressure. To the 
residue was added dioxane, followed by further concentra- 
tion under reduced pressure. The residue was dissolved in 
dimethylformamide (5.0 ml) . To the resulting solution were 
added 4-chlorobenzenethiol (347 mg, 2.4 mmol) and potassium 
carbonate (1.32 g, 9.6 mmol). The resulting mixture was 
stirred at 50°C for 2 hours. After the reaction mixture 
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was allowed to stand until it became room temperature, 
ethyl ether (60 ml) was added thereto. The resulting mix- 
ture was washed with water and brine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
The residue was purified by silica gel chromatography (hex- 
ane: ethyl acetate=10:l to 5:1), followed by crystallization 
from ethanol to give the title compound (535 mg, 75%) as 
colorless needle crystals. 
[0362] 

1 H-NMR (4 00MHz, CDCI3) 5 : 3.86(3H,s) , 5.57 (lH,s) , 6.8- 
6.9(3H,m) , 6.91 (2H,d, J=8.4Hz) , 7 . 00 (2H,d, J=8 .4Hz) , 
7 . 06 (2H, d, J=6. 8Hz) , 7 . 11 (2H, d, J=6. 8Hz) , 7 . 16 (1H, s) , 
7 . 81 (lH,m) . 
MSm/z: 443 (M + +H) . 
[0363] 

Example 28: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 

dif luorophenyl) methyl] -1-methyl-lH-benzimidazole (Compound 

A) and 2- [ [ ( 4-chlorophenyl ) sulf inyl] - (2 , 5- 

dif luorophenyl) methyl] -1 -methyl- lH-benz imidazole (Compound 
Bl 

[0364] 

[Chemical formula 71] 




Compound A Compound B 

[0365] Hexaammonium heptamolybdate tetrahydrate (60 mg) 
was added to a methanol (12 ml) solution of the 2- [[(4- 
chlorophenyl) thio] - (2, 5-dif luorophenyl ) methyl ] -1 -methyl- 1H- 
benzimidazole (190 mg, 0,474 mmol) obtained in Example 24. 
To the resulting mixture was added 30% aqueous hydrogen 
peroxide (6 ml), followed by stirring for 17 hours. Ethyl 
acetate (60 ml) was added to the reaction mixture. The re- 
sulting mixture was washed with water and brine, dried over 
anhydrous magnesium sulfate, and concentrated under reduced 
pressure. The residue was purified by silica gel chroma- 
tography (hexane : ethyl acetate=6:l to 4:1) to give a nonpo- 
lar compound (Compound A) (48 mg, 23%) and a polar compound 
(Compound B) (23 mg, 12%) were obtained as needle crystals 
and a white solid, respectively. 
[0366] 
Compound A 

^-NMR (400MHz, CDCl 3 ) 5: 3.90(3H,s), 6.14(lH,s), 6.9- 

7.1 (2H,m) , 7.2 6-7.42 (3H,m) , 7 . 39 (2H, d, J=8 . 8Hz) , 

7 .46 (2H,d, J=8 .8Hz) , 7. 81 (lH,d, J=8. 0Hz) , 8. 16 (lH,m) . 
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mp: 213 to 214°C. 

Elemental Analysis for C21H15CIF2N2OS : Calculated: C, 58.27; 
H,3.49; N,6.47; S,7.41; CI, 8.19; F,8.78. Found: C, 58.08; 
H,3.62; N,6.53; S,7.35; CI, 8.10; F,8.74. 
[0367] 
Compound B 

X H-NMR ( 4 00MHz , CDCI3) 5 : 3 . 35 ( 3/2H, s ) , 3 . 78 (3/2H, s) , 

5.52 (1/2H, s) , 5.57 (1/2H, s) , 6 . 7 8-7 . 1 ( 2H, m) , 7 . 2-7 . 4 (7H, m) , 

7.76-7.95(2H,m) . 

mp: 130-131°C. 

FAB-MS: 477.0646 (Calcd for C 2 iHi 6 ClF 2 N 2 OS : 477.0640). 
[0368] 

Example 29: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 

dif luorophenyl ) methyl ] -l-methyl-5-chloro-lH- imidazole 

[0369] 

[Chemical formula 72] 



Hexaammonium heptamolybdate tetrahydrate (60 mg) was 
added to a methanol (12 ml) solution of the 2-[[(4- 
chlorophenyl) thio] - (2, 5-dif luorophenyl) methyl] -l-methyl-5- 




[0370] 
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chloro-lH-imidazole (141 mg, 0 . 37 mmol) obtained in Example 
25. To the resulting mixture was added 30% aqueous hydro- 
gen peroxide (6 ml), followed by stirring for 64 hours. 
Ethyl acetate (60 ml) was added to the reaction mixture. 
The resulting mixture was washed with water and brine, 
dried over anhydrous magnesium sulfate and concentrated un- 
der reduced pressure. The residue was crystallized from 
ethanol to give the title compound (103 mg, 67%) as color- 
less needle crystals . 
[0371] 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 3.71(3H,s) , 5.88(lH,s) , 6.93- 
7 .08 (2H,m) , 7 . 03 (1H, s) , 7 . 43 (4H, s) , 7 . 98 (lH,m) . 
mp: 179 to 180°C. 

Elemental Analysis for C17H12CI2F2N2O2S : Calculated: C, 48 . 90; 
H,2.93; N,6.71; S,7.68; Cl, 16.99; F,9.11. Found: C, 48.90; 
H,2.93; N,6.77; S,7.80; Cl , 17 . 02 ; F, 9 . 1 9 . 
[0372] 

Example 30: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2,5- 
dif luorophenyl) methyl] thiazole 
[0373] 

[Chemical formula 73] 



F 




[0374] 

Hexaammonium heptamolybdate tetrahydrate (30 rag) was 
added to a methanol (6.0 ml) solution of the 2-[[(4- 
chlorophenyl) thio] - (2, 5-dif luorophenyl ) methyl ] thiazole (124 
mg, 0.35 mmol) obtained in Example 26. To the resulting 
mixture was added 30% aqueous hydrogen peroxide (3 ml) and 
the mixture was stirred for 15 hours. Ethyl acetate (60 
ml) was added to the reaction mixture. The resulting mix- 
ture was washed with water and brine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
The residue was crystallized from ethanol to give the title 
compound (91 mg, 67%) as colorless columnar crystals. 
[0375] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.21 (lH,s), 6 . 92-7 . 08 (2H, m) , 

7.41 (2H,d, J=8.8Hz) , 7 . 45 ( 1H, d, J=3 . 6Hz) , 7 . 56 (2H, d, J=8 . 8Hz) , 

7.86(lH,d, J=3.6Hz) , 7.94(lH,m). 

mp: 163 to 164°G. 

Elemental Analysis for C16H10CIF2NO2S2 : Calculated: C, 49.81; 
H,2.61; N,3.63; S,16.62; CI, 9. 19; F,9.85. Found: 0,49.98; 
H,2.61; N,3.77; S,16.60; 01,9.25; F,9.87. 
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[0376] 

Example 31: 2- [ [ ( 4-Chlorophenyl ) sulfonyl] - (2, 5- 

dif luorophenyl ) methyl] -1- ( 4-methoxyphenyl ) -1H- imidazole 

[0377] 

[Chemical formula 74] 



MeO 




[0378] Hexaammonium heptamolybdate tetrahydrate (60 mg) 
was added to a methanol (12 ml) solution of the 2-[[(4- 
chlorophenyl) thio] - (2, 5-dif luorophenyl ) methyl ] -1- (4- 
methoxyphenyl) -lH-benzimidazole (118 mg, 0.27 mmol) ob- 
tained in Example 27. To the resulting mixture was added 
30% aqueous hydrogen peroxide (6 ml), followed by stirring 
for 64 hours. Ethyl acetate (60 ml) was added to the reac- 
tion mixture. The resulting mixture was washed with water 
and brine, dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure. The residue was crystal- 
lized from ethanol to give the title compound (7 6 mg, 60%) 
as colorless needle crystals. 

[0379] 

1 H-NMR(4 00MHz / CDCl 3 )5: 3.89(3H,s) , 5.83(lH,s) , 6.93- 
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7.05_(4H,m) , 6.97 (2H, d, J=8 . 8Hz) , 7.01 (2H, d, J=8 . 8Hz) , 
7.38 (2H,d, J=8.8Hz) , 7.41 (2H, d, J=8 . 8Hz) , 8 . 15 (lH,m) . 
mp: 150 to 151°C. 

Elemental Analysis for C23H17CIF2N2O3S : Calculated: C, 58.13; 
H,3.61; N,5.90; S,6.75; CI, 7.47; F,8.00. Found: C, 58.09; 
H/3.51; N,5.99; S,6.88; 01,7.48; F,8.06. 
[0380] 

Example 32: 5~Chloro-2- [ (2, 5-dif luorophenyl-4- 
pyridylmethyl) thio] pyridine 
[0381] 

[Chemical formula 75] 




[0382] 

Triethylamine (0 . 279 ml, 2.00 mmol) and then, 
methanesulf onyl chloride (0.116 ml, 1.50 mmol) were added 
to a dichloromethane (10 ml) solution of the 2,5- 
dif luorophenyl-4-pyridylmethanol (221 mg, 1.00 mmol) ob- 
tained in Referential Example 18 at 0°C . The resulting 
mixture was stirred for 3 hours at room temperature. The 
reaction mixture was washed with a saturated aqueous solu- 
tion of sodium bicarbonate. The organic layer was dried 
over anhydrous sodium sulfate and then, filtered. The fil- 
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trate was concentrated under reduced pressure. To an N,N- 
dimethylf ormamide (10 ml) solution of the residue thus ob- 
tained were added the 5-chloro-2-pyridinethiol (145 mg, 
1.00 mmol) obtained in Referential Example 17 and potassium 
carbonate (166 mg, 1.20 mmol) sequentially. The resulting 
mixture was stirred at room temperature for 2 hours. Ethyl 
acetate was added to the reaction mixture. The resulting 
mixture was washed with water. The organic layer was dried 
over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure. The residue was 
subjected to flash silica gel chromatography, and the frac- 
tion obtained from the hexane : ethyl acetate=17:3 eluate was 
concentrated under reduced pressure to give the title com- 
pound (267 mg, 0.77 mmol, 77%) as a yellow solid. 
[0383] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.52 (lH,s) , 6.92-6.98 (lH,m) , 6.99- 
7.06 (lH,m)., 7.48 (lH,dd, J=8 . 5, 0.7Hz) , 7 . 17-7 .23 (lH,m) , 
7 .34 (2H, d, J=6. 1Hz) , 7 .47 (1H, dd, J=8 .5, 2.4Hz) , 
8.33 (lH,dd, J=2.4,0.7Hz) , 8.54 ( 2H, d, J=6 . 1Hz ) . 
MSm/z: 34 9 (M + +H) . 
[0384] 

Example 33: 5-Chloro-2- [ (2, 5-dif luorophenyl-4- 
pyridylmethyl) sulfonyl ] pyridine 
[0385] 

[Chemical formula 76] 
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[0386] 

To a methanol (6 ml) solution of 5-chloro-2- [ (2, 5- 
dif luorophenyl-4-pyridylmethyl) thio] pyridine (239 mg, 0.68 
mmol) was added a water (12 ml) solution of oxone (potas- 
sium peroxomonosulf ate compound, 2KHS05'KHS0 4 m K 2 SC>4 ) (631 
mg, 1.03 mmol) at 0°C . After the reaction mixture was 
stirred at room temperature for 3 days, dichloromethane was 
added thereto. The resulting mixture was washed with a 
saturated aqueous solution of sodium bicarbonate. The or- 
ganic layer was dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue was purified by preparative high 
performance liquid chromatography (using a mixed solvent 
system of water/acetonitrile/f ormic acid). The solid thus 
obtained was washed with hexane/diisopropyl ether and then 
collected by filtration to give the title compound (67 mg, 
0.18 mmol, 2 6%) as a white powder. 
[0387] 

1 H-NMR ( 4 00MHz, CDCI3) 5: 6.44 (lH,s) , 6.96-7.0 8 (2H,m) , 

7.4 8 (2H,d, J=6.3Hz) , 7.7 0-7.77 (lH,m) , 

7.79 (lH,dd, J=8 .3, 2 . 2Hz) , 7 . 84 (lH,dd, J=8 .3, 0.7Hz) , 
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8 . 61 (2H, d, J=6.3Hz) , 8 . 67 (1H, dd, J=2.2, 0.7Hz) . 
Elemental Analysis for C17HHCIF2N2O2S : Calculated: C, 53.62; 
H,2.91; F,9.98; N,7.36; S,8.42. Found: C,53.55; H,2.87; 
F, 10.10; N,7.40; S,8.55. 
MSm/z : 381 (M + +H) . 
[0388] 

Example 34: 4- [ [ ( 4-Chlorophenyl ) sulfonyl] (2, 5- 

dif luorophenyl) methyl] tetrahydropyrane 

[0389] 

[Chemical formula 77] 

F o*o 
°ta CI 

[0390] 

The 2- [ (4-chlorophenyl) sulf onylmethyl ] -1, 4- 
dif luorobenzene (200 mg, 0.661 mraol) obtained in Referen- 
tial Example 1 and tetrahydro-4H-pyran-4-ol (0.13 ml, 1.36 
mmol) were dissolved in toluene (10 ml) . After addition of 
cyanomethylenetri-n-butylphosphorane (330 mg, 1.37 mmol), 
the resulting mixture was heated under reflux for 14 hours 
in an argon atmosphere. The reaction mixture was then al- 
lowed to cool. After the addition of cyanomethylenetri-n- 
butylphosphorane (200 mg, 0.829 mmol), the resulting mix- 
ture was heated under reflux for 14 hours under an argon 
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^ atmosphere. The reaction mixture was allowed to cool, and 
then concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel chromatography, 
and the fraction obtained from the hexane : ethyl acetate=4 : 1 
eluate was concentrated under reduced pressure to afford a 
white solid. The resulting white solid was washed with 
hexane to give the title compound (157 mg, 0.406 mmol, 61%) 
as a white powder. 
[0391] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1 . 28-1 . 48 (2H, m) , 

1.71 (lH,ddd, J=25.3, 11.7, 4.3Hz) , 2.37 ( 1H, brd, J=12 . 7Hz ) , 

2.70-2.88 (lH,m) , 3.40 (1H, td, J=ll . 7, 2 . 5Hz) , 

3.50 (1H, td, J=12. 0,2.2Hz) , 3.91 ( 1H, dm, J=ll . 2Hz) , 

4.02 (lH,dm, J=11.7Hz) , 4 . 4 6 ( 1H, d, J=8 . 8Hz ) , 6 . 68-6 . 80 ( 1H, m) , 

6.88-6.98 (lH,m) , 7 . 31 (2H, d, J=8 . 5Hz ) , 7 . 36-7 . 45 ( 1H> m) , 

7.49(2H,d, J=8.5Hz) . 

mp: 150 to 152°C. 
MSm/z : 387 (M + +H) . 

Elemental Analysis for C 18 Hi7ClF 2 03S : Calculated: C, 55.89; 
H,4.43; CI, 9.16; F,9.82; S,8.29. Found: C,55.64; H,4.27; 
CI, 9.41; F,9.89; S,8.28. 
[0392] 

Example 35: 4- [ [ ( 4-Chlorophenyl ) sulfonyl] (2, 5- 
dif luorophenyl ) methyl ] tetrahydrothiopyrane 
[0393] 
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[Chemica 1 formula 78] 



°to a 

[0394] 

The 2- [ (4-chlorophenyl) sulf onylmethyl ] -1,4- 
dif luorobenzene (500 nig, 1.65 mmol) obtained in Referential 
Example 1 and the tetrahydrothiopyran-4-ol (400 mg, 3.38 
mmol) obtained in Referential Example 19 were dissolved in 
toluene (20 ml) . After addition of cyanomethylenetri-n- 
butylphosphorane (800 mg, 3.31 mmol), the resulting mixture 
was heated under reflux for 14 hours under an argon atmos- 
phere. The reaction mixture was allowed to cool, and 
cyanomethylenetri-n-butylphosphorane (400 mg, 1.66 mmol) 
was added thereto. Under an argon atmosphere, the result- 
ing mixture was heated under reflux for 14 hours. The re- 
action mixture was allowed to cool, and then concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the hexane: ethyl acetate=15:l eluate was con- 
centrated under reduced pressure to afford a white solid. 
The resulting white solid was washed with a hex- 
ane/diisopropyl ether mixture to give the title compound 
(404 mg, 1.00 mmol, 61%) as a white powder. 
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[0395] 

1 H-NMR (400MHz, CDCI3) 5 : 1.4 7 ( 1H, ddd, J=23 . 4 , 10.0,3.3Hz) , 
1 . 68 (1H, ddd, J=25. 0, 11.4, 3. 3Hz) , 2 .13 (lH,dm, J=ll .4Hz) , 2 .50- 
2.78 (5H,m) , 2 . 82 (1H, td, J=12 .8,2. 6Hz) , 4 .47 (1H, d, J=7 . 3Hz) , 
6.72-6. 82 (lH,m) , 6 . 90-7 . 00 (lH,m) , 7.31 (2H, d, J=8 . 8Hz) , 7.40- 
7.60(lH,m) , 7.49 (2H,d, J=8.8Hz) . 

mp: 150 to 152°C. 
MSm/z: 4 03 (M + +H) . 

Elemental Analysis for C18H17CIF2O2S2 : Calculated: C, 53.66; 
H,4.25; CI, 8.80; F,9.43; S, 15.92. Found: C, 53.52; H,4.21; 
CI, 9.00; F,9.54; S, 15.88. 
[0396] 

Example 36: 4- [ [ ( 4-Chlorophenyl ) sulfonyl] (2,5- 

dif luorophenyl) methyl] tetrahydrothiopyrane-1 , 1-dioxide 

(Compound A) and 4- [ [ ( 4-chlorophenyl ) sulfonyl] (2,5- 

dif luorophenyl) methyl] tetrahydrothiopyran-l-oxide (Compound 

B (Isomer A) and Compound B (Isomer B) ) 

[0397] 

[Chemical formula 79] 




Compound A 



Compound B 



[0398] 
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After 4- [ [ ( 4 - chlor opheny 1 ) sulf onyl ] ( 2, 5- 
dif luorophenyl) methyl ] tetrahydrothiopyrane (360 mg, 0 . 893 
mmol) was dissolved in dichloromethane (15 ml), 3- 
chloroperbenzoic acid (320 mg, 1.85 mmol) was added to the 
resulting solution under ice cooling. After stirring at 
room temperature for 14 hours, the reaction mixture was 
concentrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography, 
and the fraction obtained from the hexane: ethyl acetate=l : 1 
eluate was concentrated under reduced pressure to afford a 
white solid. The resulting white solid was dissolved in 
dichloromethane. The resulting solution was washed sequen- 
tially with a IN aqueous sodium hydroxide solution and 
brine. The organic layer was dried over anhydrous magne- 
sium sulfate. After filtration, the filtrate was concen- 
trated under reduced pressure to afford a white solid. The 
resulting white solid was washed with diethyl ether to give 
the title Compound A (187 mg, 0.430 mmol, 48%) as a white 
powder. Moreover, the fraction obtained from the dichloro- 
methane :methanol=50 : 1 eluate was concentrated under reduced 
pressure to give a mixture of the title Compound B (Isomer 
A) and the title Compound B (Isomer B) as a white solid. 
The resulting mixture was separated and purified by flash 
silica gel chromatography (dichloromethane :methanol=80 : 1 ) . 
The white solids thus obtained were washed with diethyl 
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ether to give the title Compound B (Isomer A) (low polar- 
ity) (78 mg, 0.19 mmol, 21%) as a white powder and the ti- 
tle Compound B (Isomer B) (high polarity) (69 mg, 0.17 
mmol, 19%) as a white powder. 
[0399] 
Compound A 

1 H-NMR (400MHz, CDC1 3 ) 6: 1 . 85-2 . 00 ( 1H, m) , 2 . 1 8-2 . 35 ( 2H, m) , 
2.68-2.91 (2H,m) , 2 . 98-3 . 1 0 ( 2H, m) , 3 . 10-3 . 28 (2H,m) , 
4.54 (lH,brd, J=7.1Hz) , 6 . 74- 6 . 90 ( 1H, m) , 6 . 94-7 . 0 6 ( 1H, m) , 
7.33(2H,d, J=8.7Hz) , 7 . 35-7 . 55 ( 1H, m) , 7 . 49 (2H, d, J=8 . 7Hz) . 
mp: 245 to 248°C. 

Elemental Analysis for Ci 8 Hi7ClF 2 0 4 S2 : Calculated: C, 49.71; 
H,3.94; CI, 8.15; F,8.74; S, 14.75. Found: C, 49.38; H,3.87; 
CI, 8.50; F,8.86; S, 14.62. 
[0400] 

Compound B (Isomer A) 

^-NMR (4 00MHz, CDCl 3 ) 5: 1 . 7 6 ( 1H, brd, J=13 . 4Hz ) , 
2.18 (lH,ddm,J=25. 4, 12.5Hz) , 2 . 32-2 . 70 ( 4H, m) , 2.74- 
2.90(lH,m), 2.98(lH,dm, J=14.0Hz) , 3 . 09 ( 1H, dm, J=14 . 4Hz) , 
4.53(lH,d, J=7.3Hz) , 6 . 72-6 . 8 6 ( 1H, m) , 6 . 90-7 . 02 ( 1H, m) , 
7.32(2H,d, J=8.5Hz) , 7 . 40-7 . 60 ( 1H, m) , 7 . 4 9 ( 2H, d, J=8 . 5Hz ) . 
mp: 255 to 256°C. 

Elemental Analysis for C18H17CIF2O3S2 : Calculated: C, 51.61; 
H,4.09; CI, 8.46; F,9.07; S, 15.31. Found: C, 51.51; H,4.04; 
CI, 8. 69; F,9.15; S, 15.20. 
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[0401] 

Compound B (Isomer B) 

1 H-NMR (400MHz, CDCI3) 5: 1 . 42 (1H, ddm, J=22 . 3, 11 . 7Hz) , 
1 .92 (lH,ddm, J=11.7, 11 . 0Hz) , 2 .14-2 .27 (lH,m) , 

2.66(lH,td, J=12.2,2.7Hz) , 2 . 7 0-2 . 90 ( 3H, m) , 3 . 1 0-3 . 24 ( 1H, m) , 
3.32-3.44 (lH,m) , 4 . 49 ( 1H, d, J=8 . 1Hz ) , 6 . 72-6 . 85 ( lH,m) , 6.90- 
7.02(lH,m), 7.32 (2H,d, J=8.5Hz) , 7 . 34-7 . 50 ( 1H, m) , 
7.48 (2H,d, J=8.5Hz) . 
mp: 184 to 187°C. 

Elemental Analysis for C18H17CIF2O3S2 : Calculated: C, 51.61; 
H,4.09; CI, 8.46; F,9.07; S, 15.31. Found: C, 51.82; H,4.23; 
CI, 8.42; F,9.12; S, 15.07. 
[0402] 

Example 37: t-Butyl 4- [ [ (4-chlorophenyl) sulf onyl ] (2,5- 

dif luorophenyl ) methyl] -1 -piper idinecarboxyl ate 

[0403] 

[Chemical formula 80] 




[0404] 

The 2- [ (4-chlorophenyl) sulf onylmethyl ] -1, 4- 
dif luorobenzene (1.25 g, 4.13 mmol) obtained in Referential 
Example 1 and t-butyl 4-hydroxy-l-piperidinecarboxylate 
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(1.70 g, 8.44 mmol) were dissolved in toluene (50 ml). To 
the resulting solution was added cyanomethylenetri-n- 
butylphosphorane (2.00 g, 8.29 mmol). The resulting mix- 
ture was heated under reflux for 14 hours under an argon 
atmosphere. The reaction mixture was allowed to cool and 
then, concentrated under reduced pressure. The residue 
thus obtained was subjected to flash silica gel chromatog- 
raphy. The fraction obtained from the hexane: ethyl ace- 
tate=l:l eluate was concentrated under reduced pressure to 
give a white solid. The resulting white solid was washed 
with diethyl ether to give the title compound (1.68 g, 3.46 
mmol, 84%) as a white powder. 
[0405] 

1 H-NMR (4 00MHz, CDCl 3 ) 5: 1 . 1 0-1 . 25 ( 1H, m) , 1.4 0-1.7 0 (2H,m) , 
1 .44 (9H, s) , 2.30-2.50 (lH,m) , 2. 60-2.95 (3H,m) , 4 .00- 
4.2 5 (2H,m) , 4 . 4 5 ( 1H, d, J=7 . 8Hz) , 6 . 69- 6 . 80 ( 1H, m) , 6.8 8- 
6. 98 (lH,m) , 7.31 (2H, d, J=8 . 6Hz) , 7 .35-7 . 50 (lH,m) , 
7.49(2H,d, J=8.6Hz) . 
mp: 193 to 196°C. 

Elemental Analysis for C23H26CIF2NO4S : Calculated: C, 56.84; 
H,5.39; CI, 7. 30; F,7.82; N,2.88; S,6.60. Found: C, 56.41; 
H,5.43; CI, 1. 77; F,7.61; N,2.99; S,6.58. 
[0406] 

Example 38: 4- [ [ ( 4-Chlorophenyl ) sulfonyl] (2, 5- 
dif luorophenyl) methyl] piperidine hydrochloride 
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[0407] 
[Chemical 



formula 81] 




[0408] 

In dichloromethane (50 ml) was dissolved t-butyl 4- 
[ [ (4-chlorophenyl) sulfonyl] (2, 5-dif luorophenyl ) methyl ] -1- 
piperidinecarboxylate (1.56 g, 3.21 mmol) . Trif luoroacetic 
acid (5.0 ml) was added dropwise to the resulting solution 
under ice cooling. The reaction mixture was stirred at 
room temperature for 2 hours and then, concentrated under 
reduced pressure. To the residue thus obtained were added 
dichloromethane (10 ml) and a IN hydrochloric acid-ethanol 
solution (10 ml) . The resulting mixture was concentrated 
under reduced pressure to give a white solid. The result- 
ing solid was washed with diethyl ether. to give the title 
compound (1.36 g, 3.12 mmol, 97%) as a white powder. 
[0409] 

1 H-NMR (40 0MHz, CD3OD) 5 : 1.38-1.52 (lH,m) , 1.70-1. 92 (2H,m) , 
2 .73 (lH,brd, J=14 .2Hz) , 2 . 8 6-3. 00 (lH,m) , 

3.05 (1H, td, J=12. 9, 3.1Hz) , 3. 13 (1H, td, J=13 . 1, 3. 1Hz) , 3.30- 
3.4 0 (lH,m) , 3.4 8 (1H, dm, J=13. 0Hz) , 4 .72 (lH,d, J=8 . 6Hz) , 6. 82- 
6.98 (lH,m) , 7.04-7.12 (lH,m) , 7 . 4 0-7 . 55 ( 1H, m) , 
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7.44 (2H,d, J=8.6Hz) , 7.57 (2H, d, J=8 . 6Hz) . 
mp: 184 to 190°C. 

Elemental Analysis for C^H^ClFaNC^S-HCl ■ 0 . 75H 2 0 : Calcu- 
lated: C49.61; H,4.74; CI, 16.27; F,8.72; N,3.21; S,7.36. 
Found: C,49.57; H,4.75; Cl, 15. 79; F, 9 . 16; N, 3 . 34 ; ' S, 7 . 25 . 
[0410] 

Example 39: 2- [ ( 4-Chlorophenylthio) -(2,5- 
dif luorophenyl) methyl] -5- [ (4- 
chlorophenylthio ) methyl ] pyridine 
[0411] 

[Chemical formula 82] 




[0412] 

An ethanol (15 ml) suspension of sodium borohydride 
(33 mg, 0.88 mmol) was cooled to -78°C. While stirring, an 
ethanol solution (10 ml) of the [6- (2, 5- 

dif luorophenylcarbonyl) pyridin-3-yl ] methyl acetate (510 mg, 
1.75 mmol) obtained in Referential Example 21 was added to 
the suspension in portions. The reaction mixture was 
stirred for 30 minutes. An aqueous solution of ammonium 
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chloride was added and the resulting mixture was allowed to 
stand until it became room temperature. The reaction mix- 
ture was extracted with ethyl acetate (100 ml) - The ex- 
tract was washed with water and brine, dried over anhydrous 
magnesium sulfate and concentrated under reduced pressure. 
The residue was dissolved in methylene chloride (30 ml), 
followed by the addition of triethylamine (270 pi) and 
methanesulfonyl chloride (270 pi) under ice cooling. The 
reaction mixture was stirred at room temperature for 3 
days. After the addition of water, the mixture was ex- 
tracted with ethyl acetate (60 ml) . The extract was washed 
with water and brine, dried over anhydrous magnesium sul- 
fate and concentrated under reduced pressure. The residue 
thus obtained was dissolved in N, N-dimethylf ormamide (25 
ml) . To the resulting solution were added 4- 

chlorobenzenethiol (751 mg, 5.3 mmol) and potassium carbon- 
ate (718 mg, 5.2 mmol) under a nitrogen atmosphere. The 
reaction mixture was stirred at 60°C for 1 hour. After the 
reaction mixture was cooled to room temperature, diethyl 
ether (80 ml) was added thereto. The resulting mixture was 
washed with water and brine. The organic layer was dried 
over magnesium sulfate, and concentrated under reduced 
pressure. The residue was subjected to silica gel chroma- 
tography (hexane: ethyl acetate=10 : 1 ) to give the title com- 
pound (237 mg, 27%) as a white solid. 



[0413] 

1 H-NMR (4 00MHz, CDCI3) 5 : 3.99 (2H, s) , 5. 81 (1H, s) , 6.90 (2H,m) , 
7.15 (2H,d, J=8.8Hz) , 7 . 1 6 ( 2H, d, J=8 . 8Hz ) , 7 . 19 (4H, d, J=8 . 8Hz) , 
7 . 20 ( 1H, d, J=7 .6Hz), 7 . 38 (lH,m) , 7 . 49 (1H, dd, J=2 . 0, 7 . 6Hz) , . 
8.38 (lH,br) . 
mp: 87 to 88°C. 
[0414] 

Example 40: 2- [ ( 4-Chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] -5- [ ( 4- 
chlorophenylsulfonyl) methyl] pyridine 
[0415] 

[Chemical formula 83] 




[0416] 

Hexaammonium heptamolybdate tetrahydrate (30 mg) was 
added to a methanol (6.0 ml) solution of 2-[(4- 
chlorophenylthio) - (2, 5-dif luorophenyl) methyl] -5- [ (4- 
chlorophenylthio) methyl] pyridine (75 mg, 0.15 mmol) , fol- 
lowed by the addition of 30% aqueous hydrogen peroxide (3 
ml) . The resulting mixture was stirred for 22 hours. 
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Ethyl acetate was added to the reaction mixture. The re- 
sulting mixture was washed with water, an aqueous solution 
of sodium thiosulfate and brine, dried and concentrated un- 
der reduced pressure. The residue thus obtained was puri- 
fied by silica gel chromatography (2% MeOH/CHCl 3 ) to give 
the title compound (70 mg, 62%) as colorless needle crys- 
tals . 
[0417] 

^-NMR (400MHz, CDC1 3 ) 6: 4.29(2H,s), 5.91(lH,s), 6.90- 
7.08 (2H,m) , 7 .39 (2H, dd, J=l . 6, 6. 8Hz) , 
7.45(2H,dd, J=1.6, 6.8Hz) , 7.51 (2H, d, J=8 . 8Hz) , 
7.55 (2H,d, J=8.8Hz) , 7.60 ( 1H, d, J=8 . 0Hz ) , 
7.65(lH,dd, J=2.4, 8.0Hz) , 7.91(lH,m), 8.23(lH,s). 
mp: 186 to 187°C. 

Elemental Analysis for C25H17CI2F2NO4S2 : Calculated: C, 52.82; r 
H,3.01; N,2.46; S, 11.28; CI, 12.47; F,6.68. Found: C, 52.88; 
H,3.10; N,2.63; S, 11.38; CI, 12.40; F,6.83. 
[0418] 

Example 41: 2- [ ( 4-Chlorophenylthio) -(2,5- 

dif luorophenyl) methyl] -5- (1, 3-dioxolan-2-yl ) pyridine 

[0419] 

[Chemical formula 84] 
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» 




[0420] 

Under a nitrogen atmosphere, triethylamine (1.08 ml, 
7.8 mmol) and methanesulf onyl chloride (0.52 ml, 6.8 mmol) 
were added to a methylene chloride solution (30 ml) of the 
2- [ (2, 5-dif luorophenyl) -hydroxymethyl ] -5- (1, 3-dioxolan-2- 
yDpyridine (1.52 g, 5.2 mmol) obtained in Referential Ex- 
ample 22 under ice cooling. The resulting mixture was 
stirred at room temperature for 3 hours. After addition of 
a saturated aqueous solution of sodium bicarbonate, the re- 
sulting mixture was extracted with ether. The extract was 
washed with brine, dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure. The residue thus 
obtained was dissolved in dimethyl formamide (30 ml). To 
the resulting solution were added chlorobenzenethiol (901 
mg, 6.2 mmol) and potassium carbonate (1.08 g, 7.8 mmol), 
followed by stirring at 60°C for 3 hours. After cooling to 
room temperature, the reaction mixture was diluted with 
ether. The diluted solution was washed with water and 
brine, dried over anhydrous magnesium sulfate and concen- 
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trated under reduced pressure. The residue thus obtained 
was purified by silica gel chromatography (hexane : ethyl 
acetate=5:l) to give the title compound (1.56 g, 71%) as 
colorless needle crystals. 
[0421] 

l H-NMR(400MHz,CDCl 3 )5: 4 . 0-4 . 15 ( 4H, m) , 5.84(lH,s), 
5.92(1H,S), 6.85-6.96 (2H,m) , 7 . 1 9 ( 2H, d, J=8 . 8Hz ) , 
7.25(2H,d, J=8.8Hz) , 7 . 43 ( 1H, d, J=8 . 0Hz) , 7.43(lH,m), 
7.77 (lH,dd, J=2.0, 8.0Hz) , 8 . 70 ( 1H, d, J=2 . 0Hz ) . 

mp: 7 0 to 73°C. 
MSm/z: 42 0 (M + +H) . 
[0422] 

Example 42: 2- [ ( 4-Chlorophenylsulf onyl) - (2, 5- 

dif luorophenyl) methyl] -5- (1, 3-dioxolan-2-yl ) pyridine 

,[0423] 

[Chemical formula 85] 




[0424] 

Hexaammonium heptamolybdate tetrahydrate (150 mg) wa 
added to a methanol (30 ml) solution of 2-[(4- 
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chlorophenylthio) - (2, 5-dif luorophenyl) methyl] -5- (1, 3- 
dioxolan-2-yl) pyridine (1.54 g, 3.67 mmol) . To the result- 
ing mixture was added 30% aqueous hydrogen peroxide (15 
ml), followed by stirring for 24 hours. After the reaction 
mixture was diluted with ethyl acetate, the diluted solu- 
tion was washed with water and brine and concentrated under 
reduced pressure. The residue thus obtained was crystal- 
lized from ethanol to give the title compound (1.22 g, 74%) 
as colorless needle crystals. 
[0425] 

^-NMR (400MHz, CDC1 3 ) 5: 4 . 02-4 . 1 0 ( 4H, m) , 5.85(lH,s), 
5.97(lH,s), 6.91(lH,m), 6.96(lH,m), 7 . 38 ( 2H, d, J=8 . 4Hz ) , 
7.53 (2H,d, J=8.4Hz) , 7 . 63 ( 1H, d, J=7 . 6Hz ) , 7 . 82 ( 1H, d, J=8 . 0Hz ) , 
7.94(lH,m), 8. 67 (lH,br-s) . 
mp: 167 to 168°C. 

FAB-MS: 452.0544 (Calcd for C21H17CIF2NO4S : 452.0535). 
[0426] 

Example 43: 2- [ ( 4-Chlorophenylsulf onyl ) -(2,5- 
dif luorophenyl) methyl] -5- (hydroxymethyl) pyridine 
[0427] 

[Chemical formula 86] 
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[0428] 

To a 1,4-dioxane solution (30 ml) of 2- [(4- 
chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl ] -5- (1, 3- 
dioxolan-2-yl) pyridine (295 mg, 0.54 mmol) was added IN hy- 
drochloric acid (30 ml) . The resulting mixture was stirred 
at room temperature for 18 hours. The reaction mixture was 
extracted with ethyl acetate. The extract was washed with 
water, a saturated aqueous solution of sodium bicarbonate, 
and brine, dried over anhydrous magnesium sulfate and con- 
centrated under reduced pressure to give a residue. 

The residue thus obtained was dissolved in ethanol 
(10 ml) . Under ice cooling, sodium borohydride (10 mg, 
0.27 mmol) was added to the resulting solution. The re- 
sulting mixture was stirred for 1 hour. Water was added 
and the resulting mixture was extracted with ethyl acetate. 
The extract was washed with water and brine, dried over an- 
hydrous magnesium sulfate, and concentrated under reduced 
pressure to give a residue. The resulting residue was pu- 
rified by silica gel chromatography (3% metha- 
nol/chlorof orm) to give the title compound (205 mg, 93%) as 
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needle crystals. 
[0429] 

1 H-NMR (400MHz, CDCI3) 5 : 4 .74 (2H, s) , 5. 94 (1H, s) , 6. 91 (lH,m) , 

6. 99 (lH,m) , 7.38 (2H, d, J=8 . 4Hz) , 7 .53 (2H, d, J=8 . 4Hz) , 

7 . 62 (lH,d, J=8 . 0Hz) , 7 .76 (1H, dd, J=2 .0, 8 .OHz) , 1 . 98 ( lH,m) , 

8.58(lH,d, J=2.0Hz) . 

mp: 151 to 152°C. 

FAB-MS: 410.0444 (Calcd for C 19 Hi 5 ClF 2 N0 3 S: 410.0429). 
[0430] 

Example 44: Methyl 3- [ 6- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] pyridin-3-yl ] acrylate 
[0431] 

[Chemical formula 87] 




[0432] 

To a 1,4-dioxane solution (10 ml) of the 2-[(4- 
chlorophenylsulf onyl) - (2, 5-dif luorophenyl ) methyl ] -5- (1, 3- 
dioxolan-2-yl) pyridine (212 mg, 0.47 mmol) obtained in Ex- 
ample 42 was added IN hydrochloric acid (10 ml) . The re- 
sulting mixture was stirred at room temperature for 19 
hours. The reaction mixture was extracted with ethyl ace- 
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tate. The extract was washed with water, a saturated aque- 
ous solution of sodium bicarbonate and brine, dried over 
anhydrous magnesium sulfate and concentrated under reduced 
pressure to afford a residue. 

The resulting residue was dissolved in tetrahydrof u- 
ran (15 ml) . Under a nitrogen atmosphere, methyl 
(triphenylphosphoranylidene) acetate (188 mg, 0.56 mmol) was 
added and the resulting mixture was stirred for 17 hours. 
The reaction mixture was concentrated under reduced pres- 
sure to give a residue. The resulting residue thus ob- 
tained was purified by silica gel chromatography (hex- 
ane: ethyl acetate=5:l) to give the title compound (187 mg, 
86%) as needle crystals. 
[0433] 

1 H-NMR(400MHz,CDCl 3 ) 5: 3.80 (3H, s) , 5 . 94 (1H, s) , 
6.50 (lH,d,J=l 6.0Hz) , 6.91 (lH,m) , 6.99 (lH,m) , 

7.38 (2H,d, J=8.8Hz) , 7 . 53 ( 2H, d, J=8 . 8Hz ) , 7 . 63 { 1H, d, J=8 . 0Hz ) , 
7 . 63 (1H, d, J=16. 0Hz) , 7 . 84 (lH,dd, J=2 .0,8. 0Hz) , 7 . 98 (lH,m) , 
8.70(lH,d, J=2.0Hz) . 
mp: 145 to 146°C. 
MSm/z: 4 64 (M + +H) . 
[0434] 

Example 45: Methyl 3- [6- [ ( 4-chlorophenylsulf onyl ) -(2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] propionate 
[0435] 
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[Chemical formula 88] 



0 




[0436] 

Methyl 3- [6- [ (4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl ] pyridin-3-yl ] acrylate (160 mg, 0.34 
mmol) was dissolved in ethanol (15 ml) . To the resulting 
solution was added palladium carbon (30 mg) . The resulting 
mixture was vigorously stirred under a hydrogen atmosphere 
of 1 atmospheric pressure for 24 hours. After the reaction 
mixture was filtered, the filtrate was concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=5:l) to 
give the title compound (94 mg, 58%) as needle crystals. 
[0437] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 63 ( 2H, t , J=7 . 6Hz ) , 

2.95(2H,t, J=7.6Hz) , 3.65(3H,s) , 5.89(lH,s) , 6.90(lH,m) , 
6. 97 (lH,m) , 7 . 36 (2H, d, J=8.4Hz) , 7 . 53 (2H,d, J=8 . 4Hz) , 
7.55(2H,m), 8.00(lH,m), 8 . 45 ( 1H, d, J=l . 6Hz) . 

mp: 121-123°C. 
MSm/z: 466 (M + +H) . 
[0438] 
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Example 46: 3- [6- [ ( 4-Chlorophenylsulf onyl ) -(2,5- 
dif luorophenyl) methyl ] pyridin- 3 -yl] propionic acid 
[0439] 

[Chemical formula 89] 



0 




[0440] 

In tetrahydrofuran (5 ml) was dissolved methyl 3- [6- 
[ (4-chlorophenylsulfonyl) - (2, 5- 

dif luorophenyl) methyl] pyridin-3-yl ] propionate (92 mg, 0.20 
mmol) . An aqueous solution (3 ml) of lithium hydroxide (23 
mg, 0.5 mmol) was added to the resulting solution and the 
mixture was stirred for 2 hours. After addition of 10% so- 
dium hydrogensulf ate, the resulting mixture was extracted 
with ethyl acetate. The extract was washed with water and 
brine, dried over anhydrous magnesium sulfate, and concen- 
trated under reduced pressure to give a residue. The re- 
sulting residue was crystallized from ethanol to give the 
title compound (67 mg, 75%) as needle crystals. 
[0441] 

1 H-NMR (400MHz, CDC1 3 ) 6 : 2 . 69 (2H, t, J=7 . 6Hz) , 

2 .96 (2H, t, J=7. 6Hz) , 5.92 (1H, s) , 6. 90 (lH,m) , 6.98 (lH,m) , 
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7.36(2H,d, J=8.4Hz) , 7 . 52 (2H, d, J=8 . 4Hz) , 7 . 56 ( 2H, m) , 

7.99 (lH,m) , 8 .47 (lH,d, J=2 .4Hz) . 

mp: 158 to 160°C. 
MSm/z: 452 (M + +H) . 

Elemental Analysis for C 2 iHi 6 ClF 2 N04S : Calculated: C, 55,82 ; 
H,3.57; N,3.10; S,7.10; CI, 7.85; F,8.41. Found: C, 55.70; 
H,3.75; N,3.19; S,7.12; CI, 8.64; F,8.11. 
[0442] 

Example 47: [ 6- [ ( 4-Chlorophenylsulf onyl) -(2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] carbaldehyde 
[0443] 

[Chemical formula 90] 




[0444] 

To a 1,4-dioxane solution (30 ml) of the 2-[(4- 
chlorophenylsulfonyl) - (2, 5-dif luorophenyl) methyl ] -5- (1, 3- 
dioxolan-2-yl) pyridine (602 mg, 1.3 mmol) obtained in Exam- 
ple 42 was added IN hydrochloric acid (30 ml). The result- 
ing mixture was stirred at room temperature for 18 hours. 
The reaction mixture was extracted with ethyl acetate. The 
extract was washed with water, a saturated aqueous solution 
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of sodium bicarbonate and brine, dried over anhydrous mag- 
nesium sulfate and concentrated under- reduced pressure to 
give a residue. The resulting residue was purified by sil- 
ica gel chromatography (hexane : ethyl acetate=5:l) to give 
the title compound (530 mg, 98%) as needle crystals. 
[0445] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6. 01 (1H, s) , 6. 94 (lH,m) , 7 . 01 (lH,m) , 
7.40 (2H,d, J=8.4Hz) , 7.54 (2H, d, J=8 . 4Hz) , 7.81 ( 1H, d, J=8 . 4Hz ) 
7.97 (lH,m) , 8.20 (1H, dd, J=2 .0, 8 .4Hz) , 9. 05 (lH,d, J=2 . 0Hz) , 
10.12 (1H, s) . 
[0446] 

Example 4 8 : 2- [ (4-Chlorophenylsulfonyl) - (2, 5- 
dif luorophenyl) methyl] -5- (piperidin-l-ylmethyl ) pyridine 
[0447] 

[Chemical formula 91] 




[0448] 

To a methylene chloride solution (5 ml) of [6-[(4- 
chlorophenylsulf onyl) - (2, 5-dif luorophenyl ) methyl] pyridin-3 
yl] carbaldehyde (82 mg, 0.2 mmol) and piperidine (40 
0.4 mmol) were added acetic acid (23 pi, 0.4 mmol) and so- 
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dium triacetoxyborohydride (85 mg, 0.4 mmol) at room tem- 
perature. The resulting mixture was stirred for 3 hours. 
After the reaction was terminated by the addition of a 
saturated aqueous solution of sodium bicarbonate, the reac- 
tion mixture was diluted with ethyl acetate (80 ml) . The 
organic layer was collected by separation, washed with wa- 
ter and brine, dried and concentrated under reduced pres- 
sure. The residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=l : 1 ) , followed by 
crystallization from ethanol to give the title compound (89 
mg, 93%) . 
[0449] 

1 H-NMR( 4 00MHz, CDC1 3 ) 5: 1 . 5- 1 . 6 ( 6H, m) , 2 . 3-2 . 4 (4H,m) , 
3. 45 (2H, s) , 5. 91 (1H, s) , 6. 90 (lH,m) , 6. 98 (lH,m) , 
7.. 35 (2H, d, J=8 . 4Hz) , 7 . 52 (2H, d, J=8 .4Hz) , 7 . 53 (lH,m) , 
7 .7 (lH,br) , 8 . 02 (lH,m) , 8 .49 (1H, d, J=2 .4Hz) . 

mp: 113 to 114°C. 
MSm/z: 477 (M + +H) . 

Elemental Analysis for C24H23CIF2N2O2S : Calculated: C, 60.44; 
H,4.86; N,5.87; S,6.72; Cl,7.43; F, 7 . 97 . Found: C, 59.87; 
H,4.81; N,5.83; S,6.87; CI, 7. 55; F, 8 . 02 . 
[0450] 

Example 49: 4 - [ [6- [ ( 4-Chlorophenylsulf onyl ) -(2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] morpholine 
[0451] 
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[Chemical formula 92] 




[0452] 

To a methylene chloride solution (5 ml) of the [6- 
[ (4-chlorophenylsulfonyl) - (2, 5- 

difluorophenyl ) methyl ] pyridin-3-yl ] carbaldehyde (82 mg, 0.2 
mmol) obtained in Example 47 and morpholine (35 pi, 0.4 
mmol) were added acetic acid (23 pi, 0.4 mmol) and sodium 
triacetoxyborohydride (85 mg, 0.4 mmol) at room tempera- 
ture. The resulting mixture was stirred for 3 hours. Af- 
ter the reaction was terminated by the addition of a satu- 
rated aqueous solution of sodium bicarbonate, the reaction 
mixture was diluted with ethyl acetate (80 ml) . The or- 
ganic layer was collected by separation, washed with water 
and brine, dried and then concentrated under reduced pres- 
sure to give a residue. The resulting residue was purified 
by silica gel chromatography (hexane : ethyl acetate=l : 1 ) , 
followed by crystallization from ethanol to give the title 
compound (90 mg, 94%) . 

[04 53] 1 H-NMR (400MHz, CDCI3) 5 : 2.4 (4H,m) , 3.49 (2H, s) , 
3. 6 (4H,m) , 5.92 (1H, s) , 6.90 (lH,m) , 6. 98 (lH,m) , 
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7 .36 (2H,d, J=8.4Hz) , 7 . 53 (2H,d, J=8.4Hz) , 7 . 57 (lH,d, J=8 .OHz) , 
7 .71 (lH,br-d, J=8 . OHz) , 8 .02 (lH,m) , 8 . 53 (lH,d, J=2 .OHz) . 

mp: 120 to 121°C. 
MSm/z: 47 9 (M + +H) . 

Elemental Analysis for C22H21CIF2N2O3S : Calculated: 
C, 57 . 68 ;H, 4 . 42 ;N, 5. 85; S, 6. 70; CI, 7 .40; F, 7 . 93 . Found: 
C, 57. 4 1 ;H, 4. 43; N, 5. 90; S, 6. 82; CI, 7.52; F, 7. 91. 
[0454] 

Example 50 : [-6- [ ( 4-Chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] pyridin-3-yl] carboxylic acid 
[0455] 

[Chemical formula 93] 



0 




[0456] 

To a t-butanol solution (3.0 ml) of the [6-[(4- 
chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl] carbaldehyde (110 mg, 0.27 mmol) obtained in Example 47 
was added 2-methyl-2-butene (143 pi, 1.35 mmol). An aque- 
ous solution (0.6 ml) of sodium dihydrogenphosphate (32.4 
mg, 0.27 mmol) was added to the resulting suspension. So- 
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dium chlorite (98 mg, 1.08 mmol) was added further and the 
mixture was stirred for 2 hours. To the reaction mixture 
were added water (30 ml) and acetic acid (1 ml) . The re- 
sulting mixture was extracted with ethyl acetate (100 ml) . 
The extract was washed with brine, dried and distilled un- 
der reduced pressure. The residue thus obtained was crys- 
tallized from ethanol to give the title compound (71 mg, 
62%) as colorless needle crystals. 
[0457] 

^-NMR (4 00MHz, CDC1 3 ) 5: 6.03 (1H, s) , 6. 96 (lH,m) , 7 .03 (lH,m) , 
7.42 (2H,d, J=8.4Hz) , 7 . 56 (2H, d, J=8 . 4Hz) , 7 . 73 ( 1H, d, J=8 . 4Hz ) , 
7.97 (lH,m) , 8.35(lH,dd, J=2.0,8.4Hz) , 9 . 20 ( 1H, d, J=2 . 0Hz ) . 

mp: >2 30°C. 
MSm/z: 424 (M + +H) . 

Elemental Analysis for Ci 9 Hi 2 ClF 2 N04S : Calculated: C, 53.84; 
H,2.85; N,3.30; S,7.57; CI, 8.37; F, 8 . 97 . Found: C, 53.47; 
H,2.81; N,3.46; S,7.65; 01,8.49; F,9.00. 
[0458] 

Example 51: 3- [ ( 4-Chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl ) methyl ] pyridine-N-oxide 
[0459] 

[Chemical formula 94] 
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[0460] 

To methylene chloride (15 ml) of the 3- [(4- 
chlorophenylsulf onyl) - (2, 5-dif luorophenyl ) methyl ] pyridine 

(162 mg, 0.427 itimol) obtained in Example 19 was added 3- 
chloroperbenzoic acid (81 mg, 0.47 mmol) . The resulting 
mixture was stirred for 24 hours. The reaction mixture was 
diluted with ether (60 ml) . The diluted mixture was washed 
with a saturated aqueous solution of sodium bicarbonate, 
water and brine, dried and filtered. The filtrate was con- 
centrated under reduced pressure to give a residue. The 
resulting residue was subjected to silica gel chromatogra- 
phy (ethyl acetate) to give the title compound (68 mg, 
40%) . The compound was crystallized from ethanol to afford 
colorless needle crystals. 

[0461] 

1 H-NMR (4 00MHz, CDCI3) 5: 5.58 (1H, s) , 6. 95 (lH,m) , 7 . 03 (lH,m) , 

7 .29 (lH,dd, J=6. 6, 8. 0Hz) , 7 . 42 (2H, d, J=8. 6Hz) , 

7 .57 (lH,d, J=8 . 0Hz) , 7 . 62 (2H, d, J=8 .4Hz) , 7 . 66 (lH,m) , 

8.10 (lH,d, J=6.6Hz) , 8.29 (1H, s) . 

mp: 183 to 184°C. 
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Elemental Analysis for C18H12CIF2NO3S : Calculated: C, 54.62 ; 
H,3.06; N,3.54; S,8.10; 01,8.96; F,9.60. Found: C, 54.19; 
H,2.99; N,3.67; S,8.27; 01,8.92; F,9.53. 
[0462] 

Example 52: 4- [ (4-Chlorophenylsulfonyl) -(2,5- 
dif luorophenyl) methyl] pyridine-N-oxide 
[0463] 

[Chemical formula 95] 



To methylene chloride (20 ml) of the 4-[(4- 
chlorophenylsul f onyl ) - ( 2 , 5-di f luorophenyl ) methyl ] pyridine 
(221 mg, 0.58 mmol) obtained in Example 20 was added 3- 
chloroperbenzoic acid (100 mg, 0.58 mmol). The resulting 
mixture was stirred for 20 hours. The reaction mixture was 
diluted with ether (60 ml) . The diluted mixture was washed 
with a saturated aqueous solution of sodium bicarbonate, 
water and brine, dried and then filtered. The filtrate was 
concentrated under reduced pressure to afford a residue. 
The resulting residue was subjected to silica gel chroma- 
tography (ethyl acetate) to give the title compound (183 




0=S 




[04 64] 



mg, 80%) . The compound was crystallized from ethanol to 

afford colorless needle crystals. 

[0465] 

1 H-NMR (400MHz, CDC1 3 ) 5: 5.62 (lH,s), 6.97 (lH,m), 7.06(lH,m), 
7.42 (2H,d, J=7.2Hz) , 7 . 44 ( 2H, d, J=8 . 8Hz ) , 7 . 60 (2H, d, J=8 . 8Hz) , 
7.68(lH,m), 8.17 (2H,d, J=7.2Hz) . 
mp: 211 to 212°C. 

Elemental Analysis for C18H12CIF2NO3S : Calculated: C, 54.62; 
H,3.06; N,3.54; S,8.10; CI, 8.96; F,9.60. Found: C, 54.19; 
H,2.92; N,3.65; S,8.26; CI, 8.99; F, 9.61. 
[0466] 

Example 53: 3-Chloro-4- [ (4-chlorophenylthio) - (2, 5- 

dif luorophenyl ) methyl ] pyridine 

[0467] 

{Chemical formula 96] 




[0468] 

The 3-chloro-4- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl] pyridine (511 mg, 2.0 mmol) obtained in Ref- 
erential Example 23 was dissolved in thionyl chloride (3.0 
ml) . To the resulting solution was added a catalytic 



amount of dimethyl formamide and the mixture was stirred for 
17 hours. The reaction mixture was concentrated under re- 
duced pressure. Toluene was added to the residue, followed 
by further concentration. 

The residue thus obtained was dissolved in dimethyl- 
formamide (10 ml) . To the resulting solution were added 4- 
chlorobenzenethiol (375 mg, 2.6 mmol) and potassium carbon- 
ate (414 mg, 3 mmol) under a nitrogen atmosphere. The re- 
sulting mixture was stirred at 60°C for 3 hours. After the 
reaction mixture was cooled to room temperature, diethyl 
ether (60 ml) was added thereto. The resulting mixture was 
washed with water and brine. The organic layer was dried 
over magnesium sulfate and concentrated under reduced pres- 
sure. The residue thus obtained was subjected to silica 
gel chromatography (hexane : ethyl acetate=8:l) to give the 
title compound (196 mg, 26%) as a solid. 
[0469] 

X H-NMR (400MHz, CDCl 3 ) 5: 6.07 (lH,s) , 6.95-7.08 (2H,m) , 
7 . 18 (lH,m) , 7 .23 (2H,d, J=8 ,8Hz) , 7 .26 (2H,d, J=8 . 8Hz) , 
7 . 58 (1H, d, J-5.2HZ) , 8 .51 (lH,d, J=5.2Hz) , 8 .58 (1H, s) . 

mp: 70 to 72°C. 
MSm/z: 382 (M + +l) . 
[0470] 

Example 54: 2, 5-Dichroro-4- [ ( 4-chlorophenylthio ) - (2, 5- 
dif luorophenyl) methyl] pyridine 
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[0472] 

The 2, 5-dichloro-4- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl] pyridine (58 0 mg, 2.0 mmol) obtained in Ref- 
erential Example 24 was dissolved in thionyl chloride (3.0 
ml) . To the resulting solution was added a catalytic 
amount of dimethylf ormamide . The resulting mixture was 
stirred for 17 hours. The reaction mixture was concen- 
trated under reduced pressure. To the residue was added 
toluene, followed by further concentration. The residue 
was dissolved in dimethylf ormamide (10 ml) . To the result- 
ing solution were added 4-chlorobenzenethiol (375 mg, 2.6 
mmol) and potassium carbonate (414 mg, 3 mmol) under a ni- 
trogen atmosphere. The resulting mixture was stirred at 
50°C for 17 hours. After the reaction mixture was cooled 
to room temperature, diethyl ether (60 ml) was added 
thereto. The resulting mixture was washed with water and 
brine. The organic layer was dried over magnesium sulfate 
and concentrated under reduced pressure. The residue thus 
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obtained was subjected to silica gel chromatography (hex- 
ane : ether=10 : 1 ) to give the title compound (484 mg, 58%) a 
a solid. 
[0473] 

1 H-NMR (400MHz, CDCI3) 5 : 5.96(lH,s), 6 . 95-7 . 04 ( 2H, m) , 
7.01(lH,m), 7.23 (2H,d, J=8.8Hz) , 7 . 26 (2H, d, J=8 . 8Hz) , 
7 .54 (1H, s) , 8 . 33 (1H, s) . 
mp: 12 8 to 12 9°C. 
MSm/z: 416 (M + +l) . 
[0474] 

Example 55: 3-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 

dif luorophenyl) methyl] pyridine 

[0475] 

[Chemical formula 98] 




[0476] 

To a methanol (12 ml) solution of the 3-chloro-4- [ ( 4 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridine (12 2 
mg, 0.32 mmol) obtained in Example 53 was added hexaammo- 
nium heptamolybdate tetrahydrate (60 mg) , followed by the 
further addition of 30% aqueous hydrogen peroxide (6 ml) . 
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The resulting mixture was stirred for 24 hours. The reac- 
tion mixture was diluted with ethyl acetate. The diluted 
solution was washed with water and brine, and concentrated 
under reduced pressure. The residue thus obtained was 
crystallized from ethanol to give the title compound (103 
mg, 78%) as colorless needle crystals. 
[0477] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.23 (1H, s) , 6. 94 (lH,m) , 7 . 06 (lH,m) , 
7.41 (2H, d, J=8 . 0Hz) , 7 . 53 (lH,m) , 7 . 59 (2H, d, J=8 . 0Hz) , 
8 . 11 (lH,d, J=5.2Hz) , 8 .55 (1H, s) , 8 . 60 (1H, d, J=5.2Hz) . 
mp: 160 to 161°C. 

Elemental Analysis for C18H11CI2F2NO2S : Calculated: C, 52.19; 
H,2.68; N,3.38; S,7.74; 01,17.12; F, 9 . 17 . Found: C, 52.17; 
H,2.69; N,3.44; S,7.96; Cl, 17.12; F,9.00. 
[0478] 

Example 56: 3-Chloro-4- [ ( 4-chlorophenylsulf inyl ) - (2, 5- 

dif luorophenyl ) methyl] pyridine 

[0479] 

[Chemical formula 99] 




[0480] 
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To a methylene chloride (10 ml) solution of the 3- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 

difluorophenyl)methyl]pyridine (75 mg, 0.20 mmol) obtained 
in Example 53 was added 3-chloroperbenzoic acid (33 mg, 
0.20 mmol). Under ice cooling, the resulting mixture was 
stirred for 3 hours. After dilution with ether (80 ml), 
the diluted mixture was washed with water and brine and 
concentrated under reduced pressure. The residue thus ob- 
tained was purified by silica gel chromatography (hex- 
ane: ethyl acetate=3:l) to give the title compound (48 mg, 
60%) as a diastereomer mixture (1:1). 
[0481] 

^-NMR (4 00MHz, CDC1 3 ) 5: 5.53(l/2H,s) , 5 • 66 ( 1/2H, s) , 
6.83(l/2H,s) , 6.95-7.08 (3/2H,m) , 7.23(l/2H,m) , 
7 .25 (lH,d, J=8 . 4Hz) , 7 .26 (lH,d, J=8 . 4Hz) , 7 .34 (lH,d, J=8 . 4Hz) , 
7.36 (lH,d, J=8.4Hz) , 7.37(l/2H,m) , 7 . 7 6 ( 1/2H, d, J=5 . 2Hz ) , 
7.98(l/2H,d, J=5.2Hz) , 8.47(l/2H,s) , 8 . 56 ( 1/2H, d, J=5 . 2Hz) , 
8 . 60 (1/2H, s) , 8 . 61 (1/2H, d, J=5.2Hz) . 

FAB-MS: 397.9992 (Calcd f or C18H12CI2F2NOS : 397.9985). 
[0482] 

Example 57: 2, 5-Dichloro-4- [ (4-chlorophenylsulfonyl) - (2, 5- 
dif luorophenyl) methyl] pyridine 0 . 5 hydrate 
[0483] 

[Chemical formula 100] 
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[0484] 

To a methylene chloride (3.0 ml) solution of the 2,5- 
dichloro-4- [ ( 4-chlorophenylthio) - (2, 5- 

dif luorophenyl) methyl] pyridine (60 mg, 0.14 mmol) obtained 
in Example 54 was added 3-chloroperbenzoic acid (62 mg, 
0.36 mmol) . The resulting mixture was stirred at room tem- 
perature for 3 hours. After dilution with ether (80 ml), 
the diluted mixture was washed with a saturated aqueous so- 
lution of sodium bicarbonate and brine, and concentrated 
under reduced pressure. The residue thus obtained was pu- 
rified by silica gel chromatography (hexane : ethyl acetate= 
5:1) and crystallized from hexane to give the title com- 
pound (55 mg, 8 8%) . 
[0485] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 6. 15 (1H, s) , 6. 93 (lH,m) , 7. 05 (lH,m) , 
7 .44 (2H,d, J=8 . 8Hz) , 7.50 (lH,m) , 7 . 59 (2H,d, J=8 . 8Hz) , 
8 . 13 (1H, s) , 8 . 55 (1H, s) , 8 . 33 (1H, s) . 
mp: 147 to 148°C. 

Elemental Analysis for C18H10CI3F2NO2S , 0 . 5H 2 0 : Calculated: 
C, 47.23; H,2.42; N,3.06; S,7.01; Cl, 23.24; F,8.30. Found: 
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C, 47.25; H,2.24; N,3.21; S,7.19; CI, 23.25; F,8.32. 
[0486] 

Example 58; 4- [5-Chloro-4- [ (4-chlorophenylthio) - (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] morpholine 
[0487] 

[Chemical formula 101] 




[0488] 

A 1,4-dioxane (1.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl) methyl] pyridine 
(100 mg, 0.24 mmol) obtained in Example 54 and morpholine 
(200 was stirred at 100°C for 2' days under a nitrogen 

atmosphere. After cooling to room temperature, the reac- 
tion mixture was diluted with ethyl acetate (40 ml) . The 
diluted mixture was washed with water and brine, dried and 
then concentrated under reduced pressure to give a residue. 
The resulting residue was purified by silica gel chromatog- 
raphy (hexane: ethyl acetate=5:l) to give the title compound 

(100 mg, 89%) as an oil. 

[0489] 

1 H-NMR (4 00MHz, CDCI3) 5: 3.4 8 (4H,m) , 3.82 (4H,m) , 
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6. 00 (1H, s) , 6.94 (1H, s) , 6. 94-7 . 04 (2H,m) , 7 . 09 ( 1H, m) , 
7 .23 (2H, d, J=8 .4Hz) , 7 .24 (2H, d, J=8 . 4Hz) , 8 . 12 (1H, s) . 
MSm/z: 4 67 (M + +H) . 
[0490] 

Example 59: 4- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) -(2,5- 

dif luorophenyl) methyl] pyridin-2-yl ] mo rpholine 

[0491] 

[Chemical formula 102] 




[0492] 

Hexaammonium heptamolybdate tetrahydrate (60 mg) was 
added to a methanol (12 ml) solution of 4- [ 5-chloro-4- [ ( 4- 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl]morpholine (90 mg, 0.19 mmol) , followed by the further 
addition of 30% aqueous hydrogen peroxide (6 ml). The re- 
sulting mixture was stirred for 6 hours. The reaction mix- 
ture was diluted with ethyl acetate. The diluted mixture 
was washed with water and brine and concentrated under re- 
duced pressure. The residue thus obtained was subjected to 
silica gel chromatography (hexane : ethyl acetate=3:l) and 
crystallized from ethanol to give the title compound (80 



180 



mg, 83%) as colorless needle crystals. 
[0493] 

1 H-NMR ( 4 0 0MHz , CDCI3 ) 6 : 3.54 (4H,m), 3.84 (4H,m) , 6.12 (lH,s), 
6.90(lH,m), 7 . 02 (lH,m) , 7 . 42 ( 2H, d, J=8 . 4Hz ) , 7.45(lH,s), 
7.46(lH,m), 7.58(2H,d, J=8.4Hz) , 8.06(lH,s) . 
mp: 180 to 181°C. 

Elemental Analysis for C22H18CI2F2N2O3S : Calculated: C, 52 . 92 ; 
H,3.63; N,5.61; S,6.42; CI, 14.20; F,7.61. Found: C, 52.68; 
H,3.56; N,5.69; S,6.70; CI, 14.32; F, 7 . 97 . 
[0494] 

Example 60: 4- [2- [5-Chloro-4- [ ( 4-chlorophenylthio ) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] aminoethyl ] morpholine 
[0495] 

: [ Chemical formula 103] 




' [0496] 

A 1,4-dioxane (1.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-difluorophenyl)methyl]pyridine 
(100 mg, 0.24 mmol) obtained in Example 54 and 4- (2- 
aminoethyl) morpholine (200 ul) was stirred at 100°C for 2 
days under a nitrogen atmosphere. After cooling to room 
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temperature, the reaction mixture was diluted with ethyl 
acetate (40 ml) . The diluted mixture was washed with water 
and brine, dried and concentrated under reduced pressure to 
give a residue. The resulting residue was purified by sil- 
ica gel chromatography (3% methanol/chlorof orm) to give the 
title compound (12 mg, 10%) as an oil. 
[0497] 

2 H-NMR (400MHz, CDC1 3 ) 5: 2.42 (4H,m), 2 . 54 ( 2H, d, J=6 . 0Hz ) , 
3 .27 (2H, q, J=6. 0Hz) , 3. 67 (4H,m) , 5. 12 (br, 1H) , 5. 90 (1H, s) , 
6. 61 (1H, s) , 6. 8 6-7.0 (2H,m) , 7.06 (lH,m) , 7.15 (2H, d, J=8.4Hz) , 
7.16 (2H,d, J=8.4Hz) , 7.95 (1H, s) . 
MSm/z: 510 (M + +H) . 
[0498] 

Example 61: 4- [2- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - 

(2, 5-dif luorophenyl) methyl] pyridin-2- 
yl] aminoethyl] morpholine-N-oxide 

[0499] 

[Chemical formula 104] 




[0500] 

Hexaammonium heptamolybdate tetrahydrate (10 mg) was 
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added to a methanol (12 ml) solution of 4- [2- [5-chloro-4- 
[ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] aminoethyl]morpholine (11 mg, 0.032 mmol) , followed by 
the further addition of 30% aqueous hydrogen peroxide (1 
ml) . The resulting mixture was stirred for 8 hours. The 
reaction mixture was diluted with ethyl acetate. The di- 
luted mixture was washed with water and brine and concen- 
trated under reduced pressure. The residue thus obtained 
was purified by silica gel chromatography (3% methanol, 3% 
t-butylamine/chlorof orm solution) to give the title com- 
pound (5.0 mg, 42%). 
[0501] 

^-NMR (4 00MHz, CDC1 3 ) 5: 3.2-3.4 (4H,m) , 3.54 (2H,m) , 

3. 81 (2H,m) , 3 . 91 (2H,m) , 4 .44 (2H,m) , 6.09 (1H, s) , 6.88 (lH,m) , 

6.98 (lH,m) , 7.22 (lH,s) , 7.4 0 ( 2H, d, J=8 . 4Hz ) , 7.51 (lH,m) , 

7 . 60 (2H,d, J=8 . 4Hz) , 7 . 94 (1H, s) . 

FAB-MS: 558 .0837 (Calcd for C 2 4H24Cl2F2N 3 0 4 S : 558.0833). 
[0502] 

Example 62: 5-Azidomethyl-2- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] pyridine 
[0503] [Chemical formula 105] 
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o=s=o 

0 

CI 

[0504] 

The 2- [ (4-chlorophenylsulfonyl) (2,5- 
difluorophenyl) methyl] -5- (hydroxymethyl ) pyridine (471 mg, 
1.15 mmol) obtained in Example 43 was dissolved in a mix- 
ture of carbon tetrachloride (4 ml) and N,N- 
dimethylformamide (16 ml). To the resulting solution were 
added sodium azide (112 mg, 1-72 mmol) and triphenyl- 
phosphine (451 mg, 1.72 mmol). The resulting mixture was 
stirred at 90°C for 3 . hours . Water was added to the reac- 
tion mixture, followed by extraction with ethyl acetate. 
The organic layer was washed sequentially with water and 
brine. The resulting organic layer was dried over sodium 
sulfate and then concentrated under reduced pressure. The 
residue thus obtained was subjected to silica gel column 
chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=3:l eluate was concentrated under reduced 
pressure to give the title compound (244 mg, 0.561 mmol, 
4 9%) as a colorless amorphous substance. 
[0505] 
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X H-NMR (400MHz, CDCI3) 5 : 4 , 42 (2H, s) , 5 . 96 (1H, s) , 6.94 (l_H,m) , 
6.99-7.05 (lH,m) , 7 . 40 (2H, d, J=8 . 8Hz) , 7 . 55 ( 2H, d, J-8 . 8Hz ) , 
7 . 60 (lH,d, J=8.1Hz) , 7 .72 (lH,dd, J=8 . 1, 2 .0Hz) ,. 8 . 02 (lH,m) , 
8.57 (lH,d, J=2.0Hz) . • 
MSm/z: 435 (M + +H) . 
[0506] 

Example 63: [ 6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methylamine 
[0507] 

[Chemical formula 106] 



Under an argon atmosphere, 5-azidomethyl-2- [ ( 4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridine 
(77 mg, 0.177 minol), palladium carbon (14 mg) , and ethyl 
acetate (2 ml) were added to ethanol (10 ml) . The result- 
ing mixture was stirred for 50 minutes in a hydrogen atmos- 
phere of 1 atmospheric pressure. The reaction mixture was 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to sil- 
ica gel column chromatography. A fraction obtained from 




o=s=o 




[0508] 
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the dichloromethane :methanol=10 : 1 eluate was concentrated 
under reduced pressure to give the title compound (28 mg, 
0.0685 inmol, 39%) as a white powder. 
[0509] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1.84 (2H,brs) , 3.92 (2H,s) , 
5. 94 (1H, s) , 6.92 (lH,m) , 7 . 03-6. 98 (lH,m) , 

7.39 (2H,d, J=8.3Hz) , 7 . 56 (2H, d, J=8 . 3Hz) , 7 . 60 ( 1H, d, J=8 . 1Hz ) , 
7.7 4 (lH,d, J=8.1Hz) , 8 . 01 ( 1H, m) , 8.57 (lH,s) . 
MSm/z: 4 09 (M + +H) . 
[0510] 

Example 64: t-Butyl [ [ 6- [ (4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] carbamate 
[0511] 

.[.Chemical formula 107] 



The 5-azidomethyl-2- [ (4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methyl] pyridine (230 mg, 0.529 mmol) ob- 
tained in Example 62 and palladium carbon (46 mg) were 
added to a mixture of ethyl acetate (15 ml) and ethanol (15 




o=s=o 




[0512] 
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ml). The resulting mixture was stirred for 45 minutes un- 
der a hydrogen atmosphere of 1 atmospheric pressure. The 
reaction mixture was filtered. The filtrate was then con- 
centrated under reduced pressure. The residue thus ob- 
tained was dissolved in dichloromethane (5 ml) . To the re- 
sulting solution were added triethylamine (70 pi, 0.499 
mmol) and di-t-butyl carbonate (174 rag, 0.996 mmol) . The 
resulting mixture was stirred at room temperature for 3 
days. The reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography, and the fraction obtained 
from the hexane: ethyl acetate=4 : 1 eluate was concentrated 
under reduced pressure to give the title compound (78 mg, 
0.153 mmol, 37%) as a colorless amorphous substance. 
[0513] 

1 H-NMR(400MHz,CDCl 3 )5: 1.45(9H,s) , 4.34 ( 2H, d, J=5 . 6Hz ) , 
4.91 (lH,brs) , 5.93(lH,s), 6.91(lH,m), 6 . 98-7 . 04 ( 1H, m) , 
7.39 (2H,d, J=8.8Hz) , 7.54 ( 2H, d, J=8 . 8Hz ) , 7 . 59 ( 1H, d, J=7 . 8Hz ) , 
7.67 (lH,dd, J=7.8,2.2Hz) , 7.99 (lH,m) , 8 . 53 ( 1H, d, J=2 . 2Hz ) . 
MSm/z: 509 (M + +H) . 
[0514] 

Example 65: t-Butyl [ [ 6- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin- 3-yl ] methyl ] -N- ( t- 
butoxycarbonyl) carbamate 
[0515] 
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[Chemical formula 108] 




[0516] 

Under a nitrogen atmosphere, diisopropyl azodicar- 
boxylate (128 pi, 0.653 mmol) was added to a tetrahydrof u- 
ran (5 ml) solution of the 2- [ (4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methyl] -5- (hydroxymethyl) pyridine (178 mg, 
0.435 mmol) obtained in Example 43, di-t-butyl iminodicar- 
boxylate (142 mg, 0.653 mmol) and triphenylphosphine (171 . 
mg, 0.653 mmol) . The resulting mixture was stirred at room 
temperature for 5 hours. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The 
organic layer was washed sequentially with water and brine. 
The resulting organic layer was dried over sodium sulfate 
and then, concentrated under reduced pressure. The residue 
thus obtained was subjected to flash silica gel column 
chromatography, and the fraction obtained from the hex- 
ane: ethyl acetate=4 : 1 eluate was concentrated under reduced 
pressure to give the title compound (78 mg, 0.128 mmol, 

32%) as a colorless oil. 

[0517] 
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X H-NMR (4 00MHz, CDC1 3 ) 5: 1.48 (18H,s) , 4.78 (2H,s) , 5.94 (lH,s) , 
6.93 (1H, td, J=9.0, 4.4Hz) , 6.98-7.04 (lH,m) , 

7.38 (2H,d, J=8.6Hz) , 1 . 5 6 (2H, d, J=8 . 6Hz ) , 7.58 ( 1H, d, J=8 . 1Hz ) , 
7 .71 (1H, dd, J=8 .1, 2.4Hz) , 7 . 96-8 . 0 0 ( 1H, m) , 
8.57 (lH,d, J=2.4Hz) . 
MSm/z: 609 (M + +H) . 
[0518] 

Example 66: [6- [ ( 4-Chlorophenylsulf onyl) (2, 5- 
dif luorophenyl) methyl ] pyridin-3-yl]methylamine hydrochlo- 
ride 
[0519] 

[Chemical formula 109] 



[0520] To an ethanol (2 ml) solution of t-butyl [[6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl ] methyl ] -N- ( t-butoxycarbonyl ) carbamate (70 mg, 0.115 
mmol) was added concentrated hydrochloric acid (2 ml) . The 
resulting mixture was stirred at room temperature for 3 
hours. The reaction mixture was concentrated under reduced 
pressure. To the residue thus obtained was added ethanol. 
The resulting mixture was concentrated under reduced pres- 




NH 2 • HCl 



o=s=o 
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sure to give the title compound (51 mg, 0.115 mmol, 100%) 

as a white powder. 

[0521] 

1 H-NMR (400MHz, CD3OD) 6 : 4.18(2H,s), 6.22(lH,s), 
7.03 (lH,td,J=9. 3,4. 4Hz) , 7 . 11-7 . 17 (lH,m) , 

7.52 (2H,d, J=8.8Hz) , 7 . 64 ( 2H, d, J=8 . 8Hz) , 7 . 7 9 ( 1H, d, J=8 . 3Hz ) , 
7.92 (lH,dd, J=8.3,2.2Hz) , 8 . 05-8 . 0 9 (lH,m) , 
8.71 (lH,d, J=2.2Hz) . 

Elemental Analysis for C20H15CIF2N2O2S -HC1 : Calculated: 
C, 51.25; H,3.62; CI, 15.92; F, 8.53; N,6.29. Found: C, 51.11; 
H,3.57; CI, 15.50; F,8.39; N,5.83. 
[0522] 

Example 67: N-acetyl-N- [ [ 6- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] acetamide (Com- 
pound A) and N- [ [6- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] acetamide (Com- 
pound B) 
[0523] 

[Chemical formula 110] 





o=s=o 



o=s=o 





Compound A 



Compound B 



[0524] 

To a dichloromethane (3 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridin-3- 
yl]methylamine (40 mg, 0.0978 mmol) obtained in Example 63 
were added N-methylmorpholine (2 6 pi, 0.234 mmol) and ace- 
tyl chloride (16 pi, 0.234 mmol) under ice cooling. The 
resulting mixture was stirred at room temperature for 16 
hours. Water was added to the reaction mixture, followed 
by extraction with ethyl acetate. The organic layer was 
washed sequentially with water and brine. The resulting 
organic layer was dried over sodium sulfate and concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to flash silica gel column chromatography . 
The fraction obtained from the hexane : ethyl acetate=2:3 
eluate was concentrated under reduced pressure to give the 
title compound A (low polar compound) (15 mg, 0.0304 mmmol, 
40%) as a white power and the title Compound B (high polar 
compound) (12 mg, 0.0266 mmol, 27%) as a white powder. 
[0525] 
Compound A 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 2.43 (6H, s) , 4 .96 (2H, s) , 5.93 (1H, s) , 
6.91 (lH,m) , 6.98-7.03 (lH,m) , 7 . 39 (2H, d, J=8 . 5Hz) , 7.54- 
7 . 61 (2H,m) , 7 .55 (2H, d, J=8 .5Hz) , 8 . 02 (lH,m) , 
8.51 (lH,d, J=1.7Hz) . 
mp: 60 to 64°C 
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MSm/z: 493 (M + +H) . 
[0526] 
Compound B 

X H-NMR (4 00MHz, CDCI3) 5: 2 . 03and2 . 04 ( 3H, rotamers ) , 4.42- 
4.50(2H,m), 5 . 89 ( 1H, brs ) , 5.93(lH,s), 
6.92 ( 1H, td, J=9. 1,4. 4Hz) , 6 . 97-7 . 02 ( 1H, m) , 

7,41 (2H,d, J=8.1Hz) , 7 . 57 (2H, d, J=8 . 1Hz) , 7 . 61 ( 1H, d, J=8 . 1Hz ) 
7.71 (lH,d, J=8 .1Hz) , 7.98-8.03 (lH,m) , 8.54(lH,s). 

mp: 177 to 178°C 
MSm/z: 451 (M + +H) . 
[0527] 

Example 68 : N- [ [6- [ (4-Chlorophenylsulf onyl) (2,5- 
difluorophenyl)methyl]pyridin-3-yl]methyl] -N' ,N' - 
dimethylsulf amide 
[0528] 

[Chemical formula 111] 



To a dichloromethane (5 ml) solution of the [6-[(4- 




o=s=o 




[0529] 



chlorophenylsulfonyl) (2 , 5-dif luorophenyl ) methyl ] pyridin-3 



192 



yl]methylamine hydrochloride (60 mg, 0.135 mmol) obtained in 
Example 66 were added N-methylmorpholine (180 yl, 1.62 
mmol), 4-dimethylaminopyridine (10 mg, 0.0819 mmol) and 
N,N-dimethylsulfamoyl chloride (66 pi, 0.609 mmol). The 
resulting mixture was stirred at room temperature for 24 
hours. Water was added to the reaction mixture, followed 
by extraction with dichloromethane . The organic layer was 
washed sequentially with a saturated aqueous solution of 
sodium bicarbonate and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate and concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel column chromatography. The 
fraction obtained from the hexane : ethyl acetate=3:2 eluate 
was concentrated under reduced pressure to give the title 
compound (48 mg, 0.0930 mmol, 70%) as a white powder. 
[0530] 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 2.76(6H,s) , 4 . 29 (2H, d, J=6 . 4Hz) , 
4 .43 (1H, t, J=6.4Hz) , 5. 94 (1H, s) , 6. 92 (lH,m) , 6.98- 
7.04 (lH,m) , 7 .41 (2H, d, J=8 . 6Hz) , 7 .58 (2H,d, J-8 . 6Hz) , 
7.66 (lH,d, J=8.1Hz) , 7 . 7 9 ( 1H, dd, J=8 . 1 , 2 . 5Hz ) , 8.02(lH,m) , 
8.61 (lH,d, J=2.5Hz) . 
mp: 177 to 178 (C. 
MSm/z: 516 (M + +H) . 
[0531] 

Example 69: Ethyl 2- [ [ 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
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dif luorophenyl) methyl] pyridin-3-yl ] methylamino] -2- 



oxoacetate 



[0532] 



[Chemical formula 112] 



tAr° 

H 0 



0=S=0 




[0533] 



To a dichloromethane (4 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl ] pyridin-3- 
;yl]methylamine (30 mg, 0.0734 mmol) obtained in Example 63 
were added N-methylmorpholine (10 |il, 0.0881 mmol) and 
ethyl chloroglyoxylate (9 jjl, 0.0807 mmol) under ice cool- 
ing. The resulting mixture was stirred at room temperature 
for 1 hour. Water was added to the reaction mixture, fol- 
lowed by extraction with dichloromethane. The organic 
layer was then sequentially washed with a saturated aqueous 
solution of sodium bicarbonate and brine. The resulting 
organic layer was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to flash silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=3:2 
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eluate was concentrated under reduced pressure to give the 
title compound (28 mg, 0.0550 mmol, 76%) as a white powder 
[0534] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 . 39 ( 3H, t, J=7 . 1Hz ) , 

4.37 (2H,q, J=7.1Hz) , 4 . 55 ( 2H, d, J=5 . 9Hz ) , 5.94(lH,s), 6.89- 
6.94(lH,m), 6. 98-7 . 05 (lH,m) , 7 . 40 (2H, d, J=8 . 3Hz) , 
7.56(2H,d, J=8.3Hz) , 7 . 53 ( 1H, brs ) , 7 . 62 ( 1H, d, J=8 . 1Hz ) , 
7.72 (lH,d, J=8.1Hz) , 7 . 97-8 . 03 ( 1H, m) , 8.58(lH,s). 

mp: 193 to 194°C. 
MSm/z : 509 (M + +H) . 
[0535] 

Example 70: N- [ [6- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] -2- ( 4- 
methylphenylsulf onylamino) ace t amide 
[0536] 

[Chemical formula 113] 



To a dichloromethane (6 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3 




o=s=o 




[0537] 
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yl]methylamine hydrochloride (40 mg, 0.0898 mmol) obtained 
in Example 66 were added triethylamine (45 pi, 0.324 mmol), 
4-dimethylaminopyridine (5 mg, 0.0449 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (21 mg, 
0.108 mmol) and N-p-tosylglycine (25 mg, 0.108 mmol). The 
resulting mixture was stirred at room temperature for 16 
hours. The reaction mixture was diluted with dichloro- 
methane. The diluted mixture was then washed sequentially 
with water, a saturated aqueous solution of sodium bicar- 
bonate and brine. The organic layer thus obtained was 
dried over magnesium sulfate and then, concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=2 . 3 eluate was con- 
centrated under reduced pressure to give the title compound 
(41 mg, 0.0661 mmol, 73%) as a white powder. 
[0538] 

1 H-NMR ( 4 00MHz, CDC1 3 ) 5: 2.44 (3H,s) , 3 . 59 ( 2H, d, J=6 . 4Hz ) , 
4.44 (2H,dd, J=6 . 1, 2 . 8Hz ) , 5.42 (lH,t, J=6.1Hz) , 5.95 (1H, s) , 
6.91 (lH,m) , 6.9 6-7.03 (2H,m) , 7 . 33 (2H, d, J=8 . 3Hz) , 
7 . 41 (2H,d, J=8 . 6Hz) , 7 . 57 (2H, d, J=8 . 6Hz) , 7 .58 (1H, d, J=8 . 1Hz) , 
7. 66 (1H, dd, J=8 . 1, 2.4Hz) , 7 .74 (2H,d, J=8. 3Hz) , 8 .01 (lH,m) , 
8.49(lH,d, J=2.4Hz) . 

mp: 217 to 218°C. 
MSm/z: 620 (M + +H) . 
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[0539] 

Example 71: N- [ [6- [ ( 4~Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-3-yl ] methyl] -2- 
dime thy laminoacet amide 
[0540] 

[Chemical formula 114] 



To a dichloromethane (5 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridin- 3- 
yl]methylamine (30 mg, 0.0734 mmol) obtained in Example 63 
were added triethylamine (12 0,0881 mmol), 4- 

dimethylaminopyridine (5 mg, 0.0367 mmol), l-ethyl-3- (3- 
dimethylaminopropyl) carbodiimide hydrochloride (17 mg, 
0.0881 mmol) and N, N-dimethylglycine (9 mg, 0.0881 mmol). 
The resulting mixture was stirred at room temperature for 
14 hours. The reaction mixture was diluted with dichloro- 
methane. The diluted mixture was washed sequentially with 
water, a saturated aqueous solution of sodium bicarbonate 
and brine. The organic layer thus obtained was dried over 



0 i 




o=s=o 




CI 



[0541] 



197 



magnesium sulfate and then, concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate=l : 4 eluate was concentrated 
under reduced pressure to give the title compound (21 mg, 
0.0425 mmol, 58%) as a white powder. 
[0542] 

X H-NMR (400MHz, CDC1 3 ) 5: 2.30(6H,s), 3.01(2H,s), 

4.50 (2H,d, J=6.1Hz) , 5.93(lH,s), 6.91(lH,m), 6.98- 

7.04(lH,m), 7.40(2H,d, J=8.6Hz) , 7 . 55 ( 2H, d, J=8 . 6Hz ) , 

7.60 (lH,d, J=8.1Hz) , 7.62(lH,brs) , 7 . 69 ( 1H, dd, J=8 . 1 , 2 . 4Hz ) , 

8.02(lH,m), 8.56(lH,d, J=2.4Hz) . 

mp: 177 to 179°C. 
MSm/z: 4 94 (M + +H) . 
.[0543] 

Example 72: N- [ [6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl ] pyridin-3-yl] methyl] -4- 

( formylmethylamino) benzamide 

[0544] 

[Chemical formula 115] 
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F xxX^W H 

o=s=o 1 

0 

CI 

[0545] 

To a dichloromethane (5 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl]methylamine (50 mg, 0.122 mmol) obtained in Example 63 
were added triethylamine (21 pi, 0.147 mmol), 4- 
dimethylaminopyridine (7 mg, 0.0610 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (28 mg, 
0.147 mmol) and N-formyl-4- (methylamino) benzoic acid (26 
•mg, 0.147 mmol) . The resulting mixture was stirred at room 
temperature for 2 hours. The reaction mixture was diluted 
with dichloromethane. The diluted mixture was washed se- 
quentially with water, a saturated aqueous solution of so- 
dium bicarbonate and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate, and then concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to flash silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=3:7 
eluate was concentrated under reduced pressure to give the 
title compound (60 mg, 0.105 mmol, 87%) as a colorless 
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amorphous substance. 
[0546] 

1 H-NMR (400MHz, CDCI3) 6 : 3.35(3H,s), 4 . 67-4 .71 (2H,m) , 
5.94(lH,s), 6.53 (lH,brs) , 6.90(lH,m), 6 . 97-7 . 03 ( 1H, m) , 
7.25(2H,d, J=8.6Hz) , 7 . 40 (2H, d, J=8 . 6Hz) , 7 . 56 (2H, d, J=8 . 6Hz 
7.63 (lH,d, J=8.1Hz) , 7.78 (lH,dd,J=8. 1,2. 2Hz) , 
7 . 86 (2H, d, J=8 . 6Hz) , 8.03(lH,m), 8.61(lH,s), 
8.64 (lH,d, J=2 .2Hz) . 
MSm/z: 570 (M + +H) . 
[0547] 

Example 73: N- [ [ 6- [ (4-Chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methyl ] -4- 

(methylthiof ormylamino) thiobenzamide 

[054 8] 

[Chemical formula 116] 

s 



Under an argon atmosphere, a Lawson reagent (69 mg, 
0.169 mmol) was added to a toluene (5 ml) solution of N- 
[ [6- [ (4-chlorophenylsulfonyl) (2,5- 




Cl 



[0549] 
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dif luorophenyl ) methyl] pyridin-3-yl ] methyl ] - 4- 
( f ormylmethylamino) benzamide (46 mg, 0.0807 inmol) . The re- 
sulting mixture was heated under reflux for 12 hours. Af- 
ter cooling to room temperature, the reaction mixture was 
concentrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel column chromatog- 
raphy. The fraction obtained from the hexane: ethyl ace- 
tate^ : 1 eluate was concentrated under reduced pressure to 
give the title compound (40 mg, 0.0664 mmol, 83%) as a yel- 
low amorphous substance. 
[0550] 

^-NMR (4 00MHz, CDC1 3 ) 5: 3.72 (3H,s) , 5.08 ( 2H, d, J=4 . 4Hz ) , 
5.92 (lH,s) , 6.8 9 ( 1H, td, J=9 . 0 , 4.4Hz) , 6 . 98-7 . 05 ( 1H, m) , 
7 .25 (2H, d, J=8. 6Hz) , 7.40 (2H, d, J=8 . 6Hz) , 7 .55 (2H, d, J=8 . 6Hz) , 
7.60 (1H, d, J=8 . 1Hz) , 7.81 (1H, d, J=8 . 1Hz) , 7.87 (2H, d, J=8 . 6Hz) , 
8 . 02-8 . 06 (lH,m) , 8 .20 (lH,brs) , 8 . 62 (1H, s) , 9. 7 0 (1H, s) . 
MSm/z: 602 (M + +H) . 
[0551] 

Example 74: N- [ [ 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] pyridin-3-yl] methyl ] -2- (pyridin-3- 
yl ) acetamide 
[0552] 

[Chemical formula 117] 




[0553] 

The [ 6- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl) methyl ] pyridin-3-yl ] methylamine (30 mg, 
0.073 mmol) obtained in Example 63, 3-pyridylacetic acid 
hydrochloride (16 mg, 0.092 mmol) , 4- 

(dimethylamino) pyridine (5 mg, 0.04 mmol) and triethylamine 
(0.025 ml, 0.18 mmol) were dissolved in dichlorome thane (5 
ml). To the resulting solution was added l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (17 mg, 
0.089 mmol) at room temperature. The resulting mixture was 
stirred at room temperature for 14 hours. To the reaction 
mixture was added a saturated aqueous solution (0.1 ml) of 
sodium bicarbonate. The residue obtained by concentrating 
the reaction mixture under reduced pressure was subjected 
to flash silica gel chromatography. The fraction obtained 
from the dichloromethane : methanol=30 : 1 elute was concen- 
trated under reduced pressure to afford a white solid. The 
resulting solid was washed with ether to give the title 
compound (35 mg, 0.066 mmol, 90%) as a white powder. 
[0554] 
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1 H-NMR (4 00MHz, CDCI3) 5: 3.59 (2H,s) , 4 . 45 (2H, dd, J=5 . 9, 1.5Hz) , 
5. 92 (1H, s) , 5. 96-6. 10 (lH,m) , 6 . 8 6- 6 . 98 ( 1H, m) , 6.9 9- 
7 . 05 (lH,m) , 1 .24-7 .35 (lH,m) , 7 . 39 (2H,d, J=8 . 8Hz) , 7 . 55- 
7 . 60 (3H,m) , 7 . 60-7 . 71 (2H,m) , 7 . 96-8 . 06 ( 1H, m) , 
8.50 (2H,d, J=1.6Hz) , 8 . 55 ( 1H, d, J=4 . 8 , 1 . 6Hz ) . 
MSm/z: 528 (M + +H) . 
[0555] 

Example 75: [6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methylpyridin-3-yl ] methyl dimethylcarbamate 
[0556] 

[Chemical formula 118] 



To a dichloromethane (0.3 ml) solution of the 2-[(4- 
chlorophenylsulf onyl) {2, 5-dif luorophenyl ) methyl ] -5- 
(hydroxylmethyl) pyridine (20 mg, 0.049 mmol) obtained in 
Example 43 were added N-methylmorpholine (0.011 ml, 0.10 
mmol) and p-nitrophenyl chlorof ormate (15 mg, 0.074 mmol) 
sequentially at 0°C. The resulting mixture was stirred at 
room temperature for 30 minute. To the reaction mixture 
were then added N-methylmorpholine (0.033 ml, 0.30 mmol) 
and p-nitrophenyl chlorof ormate (15 mg, 0.074 mmol) sequen 




[0557] 



tially at 0°C . The resulting mixture was stirred at room 
temperature for 30 minutes. After addition of dimethyl- 
amine hydrochloride (20 mg, 0.25 mmol) to the reaction mix- 
ture at 0°C and stirring the mixture for 13 hours, the re- 
action mixture was washed with a saturated aqueous solution 
of ammonium chloride. The organic layer was dried over an- 
hydrous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane: ethyl acetate=7 : 3 
eluate was concentrated under reduced pressure. The solid 
thus obtained was washed with hexane and collected by fil- 
tration to give the title compound (13 mg, 0.027 mmol, 55%) 
as a white solid. 
[0558] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 .94 (6H, s) , 5. 14 (2H, s) , 5. 94 (1H, s) , 
6.87-7.07 (2H,m) , 7 . 39 ( 2H, d, J=8 . 5Hz ) , 7 . 55 ( 2H, d, J=8 . 5Hz ) , 
7.62 (lH,d, J=7.8Hz) , 7 . 75 ( 1H, dd, J=7 . 8 , 2 . 0Hz ) , 7.99- 
8.07 (lH,m) , 8.63(1H, d, J=2.0Hz) . 
MSm/z: 481 (M + +H) . 
[0559] 

Example 76: [ 6- (4-Chlorophenylsulfonyl) (2,5- 

dif luorophenyl ) methylpyridin-3-yl ] methyl 4-ni trophenyl car- 
bonate 
[0560] 
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[Chemical formula 119] 




[0561] 

To a dichloromethane (0.5 ml) solution of the 2-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl] -5- 
(hydroxylmethyl) pyridine (41 mg, 0.10 mmol) obtained in Ex- 
ample 43 were added N-methylmorpholine (0.033 ml, 0.30 
mmol) and 4-nitrophenyl chlorof ormate (40 mg, 0.20 mmol) 
sequentially at 0°C. The resulting mixture was stirred at 
•room temperature for 1 hour. The reaction mixture was 
washed with water. The organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane: ethyl acetate=4 : 1 
eluate was concentrated under reduced pressure. The solid 
thus obtained was washed with hexane and collected by fil- 
tration to give the title compound (52 mg, 0.090 mmol, 90%) 
as a white solid. 
[0562] 

^-NMR (4 00MHz, CDC1 3 ) 5: 5.33 (2H, s) , 5. 97 (1H, s) , 6. 87- 
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6.95 (lH,m) , 6.98-7.06 (lH,m) , 7 . 39 (2H, d, J=9 . 0Hz) , 
7.40 (2H,d, J=8.5Hz) , 7 . 57 (2H, d, J=8 . 5Hz) , 7.71 ( 1H, d, J=7 . 6Hz ) , 
7.85 (lH,dd, J=7. 6,2.0Hz) , 7 . 97-8 . 05 ( 1H, m) , 
8.29 (2H,d, J=9.0Hz) , 8 . 72 ( 1H, d, J=2 . OHz ) . 
MSm/z: 575 (M + +H) . 
[0563] 

Example 77: [ 6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methylpyridin-3-yl ] methyl benzylcarbamate 
[0564] 

[Chemical formula 120] 




[0565] 

To. a dichloromethane (1 ml) solution of [6- (4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl) me thylpyridin- 3- 
yl] methyl 4-nitrophenyl carbonate (51 mg, 0.089 mmol) were 
added N-methylmorpholine (0.020 ml, 0.18 mmol) and ben- 
zylamine (0.012 ml, 0.11 mmol) sequentially at 0°C . The 
resulting mixture was stirred at room temperature for 20 
hours. The reaction mixture was washed with a saturated 
aqueous solution of ammonium chloride. The organic layer 
was dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 



residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the eluate of 
hexane: ethyl acetate=4:l was concentrated under reduced 
pressure. The solid thus obtained was washed with diiso- 
propyl ether and collected by filtration to give the title 
compound (33 mg, 0.060 mmol, 68%) as a white solid. 
[0566] 

^-NMR (4 00MHz, CDC1 3 ) 5: 4.38 (2H,brd, J=5. 4Hz) , 5.0 6 (lH,brs) , 
5.16(2H,s) , 5.94 (1H,S) , 6.87-7.04 (2H,m) , 7 .22-7 .38 (5H,m) , 
7 .39 (2H,d, J=8 .3Hz) , 7.54 (2H, d, J=8 .3Hz) , 7 . 62 (1H, d, J=8 .3Hz) , 
7.74 (lH,d, J=8.3Hz) , 7 . 9 6-8 . 03 ( 1H, m) , 8.61 (lH,s) . 
MSm/z: 543 (M + +H) . 
[0567] 

Example 78: N- [ [6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methylpyr idin-3-yl ] methyl ] -3- 
cyanobenzene sulfonamide 
[0568] 

[Chemical formula 121] 



To a dichloromethane (0.5 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) {2, 5-dif luorophenyl ) methyl ] pyridin-3- 




[0569] 
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yl ] methylamine ( 2 8 mg, 0.068 mmol) obtained in Example 63 
were added N-methylmorpholine (0.015 ml, 0.14 mmol) and 3- 
cyanobenzenesulf onyl chloride (22 mg, 0.10 mmol) sequen- 
tially at 0°C. The resulting mixture was stirred at room 
temperature for 6 hours. The reaction mixture was washed 
with IN hydrochloric acid. The organic layer was dried 
over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane: ethyl acetate=7 : 3 
eluate was concentrated under reduced pressure. The solid 
thus obtained was washed with hexane and collected by fil- 
tration to give the title compound (23 mg, 0.040 mmol, 59%) 
as a white solid, 
[0570] 

X H-NMR (4 00MHz, CDCl 3 ) 5 : 4.26 (2H, d, J=6 . 4Hz) , 
5. 08 (1H, t, J=6.4Hz) , 5.91 (1H, s) , 6 . 8 6-7 . 0 6 ( 2H, m) , 
7.40 (2H,d, J=8.1Hz) , 7 . 55 ( 2.H, d, J=8 . 1Hz ) , 7 . 57-7 . 7 0 ( 3H, m) , 
7.81 (lH,d, J=7.4Hz) , 7.94-8.05 (2H,m) , 8.11 (lH,s) , 
8.46(lH,s) . 
MSm/z: 574 (M + +H) . 
[0571] 

Example 79: N- [ [ 6- (4-Chlorophenylsulfonyl) (2, 5- 

dif luorophenyl) me thy lpyridin-3-yl] methyl] -3-cyano-N- 

methylbenzenesulf onamide 
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[0572] 

[Chemical formula 122] 



9 




[0573] 

To a tetrahydrofuran (0.5 ml) solution of N-[[6-(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methylpyridin-3- 
yl ] methyl ] -3-cyanobenzenesulf onamide (21 mg, 0.037 mmol) 
were added methanol (0.003 ml, 0.073 mmol), triphenyl- 
phosphine (19 mg, 0.073 mmol) and diisopropyl azodicarboxy- 
late (0.014 ml, 0.073 mmol) sequentially at 0°C. The re- 
sulting, mixture was stirred at room temperature for 2 
hours. The reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=2 : 1 eluate was concentrated under re- 
duced pressure to give the title compound (13 mg, 0.021 
mmol, 58%) as a white solid. 
[0574] 

1 H-NMR (400MHz, CDC1 3 ) 5: 2.70 (3H,s) , 4 . 25 (2H, d, J=6 . 4Hz ) , 
5.95(lH,s) , 6.87-7.05 (2H,m) , 7 . 40 (2H, d, J=8 . 5Hz) , 
7 .56 (2H,d, J=8 .5Hz) , 7 . 66 (1H, d, J=8 . 1Hz) , 7 . 73 (1H, t, J=7 . 8Hz) , 
7 .81 (lH,dd, J=8.1, 2 .2Hz) , 7 .91 (lH,d, J=7 .8Hz) , 7.99- 
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8 . 0 9 (2H,m) , 8 . 12 (1H, s) , 8 . 53 (1H, t, J=2.2Hz) . 
MSm/z: 588 (M + +H) . 
[0575] 

Example 80: 3- [ [6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methylpyridin-3-yl ] methyl] -1, 1-dimethylurea 
[0576] 

[Chemical formula 123] 



To a dichloromethane (1 ml) solution of the [6- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin- 3- 
yl]methylamine (31 mg, 0.07 6 mmol) obtained in Example 63 
were added triethylamine (0.032 ml, 0.23 mmol) and N,N- 
dimethylcarbamoyl chloride (0.014 ml, 0.15 mmol) sequen- 
tially at 0°C. The resulting mixture was stirred at room 
temperature for 17 hours. To the reaction mixture were 
added triethylamine (0.032 ml, 0.23 mmol) and N,N- 
dimethylcarbamoyl chloride (0.014 ml, 0.15 mmol) sequen- 
tially at 0°C. The resulting mixture was stirred at room 
temperature for 29 hours. The reaction mixture was washed 
with a saturated aqueous solution of sodium bicarbonate. 
The organic layer was dried over anhydrous sodium sulfate, 




[0577] 



and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
eluate of ethyl acetate was concentrated under reduced 
pressure. The solid thus obtained was washed with hexane 
and collected by filtration to give the title compound (18 
mg, 0.036 mmol, 48%) as a white solid. 
[0578] 

1 H-NMR ( 4 0 0MHz , CDC1 3 ) 5: 2 . 93 (6H, s) , 4.44 (2H, d, J=4 .2Hz) , 
4 .76 (1H, t, J=4.2Hz) , 5. 93 (1H, s) , 6.85-7 .04 (2H,m) , 
7.39 (2H,d, J=8.3Hz) , 7.5 6 (2H, d, J=8 . 3Hz) , 7.58 ( 1H, d, J=8 . 5Hz ) , 
7 .74 (1H, dd, J=8 .5, 2 . 0Hz) , 7 . 98-8.0 6 (lH,m) , 
8.57 (lH,d, J=2.0Hz) . 
MSm/z: 480 (M + +H) . 
[0579] 

Example 81: Methyl [ 6- (4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methylpyridin-3-yl ] methylcarbamate 
[0580] 

[Chemical formula 124] 




[0581] 

In a similar manner to Example 80, the title compound 



(16 mg, 0.034 mmol, 42%) as a yellow solid by using the [6- 
[ (4-chlorophenylsulf onyl ) (2,5- 

dif luorophenyl) methyl ] pyridin-3-yl ] methylamine (34 mg, 0 . 082 
mmol) obtained in Example 63 and methyl chlorocarbonate 

(0.019 ml, 0.25 mmol) . 

[0582] 

"""H-NMR (4 00MHz, CDCI3) 5 : 3 .71 (3H, s) , 4 .40 (2H,d, J=6. 1Hz) , 
5.07 (lH,brs) , 5.93 (lH,s) , 6.87-7.04 (2H,m) , 

7.39 (2H,d, J=8.5Hz) , 7 . 55 ( 2H, d, J=8 . 5Hz ) , 7 . 60 ( 1H, d, J=7 . 8Hz ) , 
7.70 (lH,d, J=7.8Hz) , 7 . 97-8 . 04 ( 1H, m) , 8.55 (lH,s) . 
MSm/z: 4 67 (M + +H) . 
[0583] 

Example 82: N- [ [6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methylpyridin-3-yl ] methyl ] methanesul f onamide 
[0584] 

[Chemical formula 125] 



In a similar manner to Example 80, the title compound 
(20 mg, 0.040 mmol, 49%) as a white solid by using the [6- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl ) methyl ] pyridin-3-yl ] methylamine (34 mg, 




[0585] 
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0.082 mmol) obtained in Example 63 and methanesulf onyl 

chloride (0.019 ml, 0.25 mmol) . 

[0586] 

1 H-NMR (4 00MHz, CDCI3) 5: 2 .97 (3H, s) , 4 .37 (2H,d, J=6.1Hz) , 
4.70(lH,brs) , 5.95(lH,s) , 6.88-7.07 (2H,m) , 

7.40 (2H,d, J=8.3Hz) , 7 . 56 ( 2H, d, J=8 . 3Hz ) , 7 . 65 ( 1H, d, J=8 . 1Hz ) , 
7.80(lH,d, J=8.1Hz) , 7.97-8.07 (lH,m) , 8.61 (lH,s) . 
MSm/z: 487 (M + +H) . 
[0587] 

Example 83: N- [ [ 6- (4-Chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methylpyridin-3-yl] methyl] -1 -acetyl- 4- 
piper idinecarboxamide 
[0588] 

[Chemical formula 12 6] 




[0589] 

In a similar manner to Example 80, the title compound 
(24 mg, 0.043 mmol, 52%) as a colorless foamy substance by 
using the [ 6- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] methylamine (34 mg, 
0.082 mmol) obtained in Example 63 and l-acetyl-4- 
piperidinecarbonyl chloride (56 mg, 0.25 mmol). 
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[0590] 

1 H-NMR (400MHz, CDCI3) 6 : 1 . 58-1 . 79 (2H, m) , 1.82-1. 95 (2H,m) , 
2.09(3H,s), 2.30-2.41 (lH,m) , 2 . 59-2 . 70 (lH,m) , 3.03- 
3.13(lH,m), 3. 82-3. 92 (lH,m) , 4 . 41-4 . 53 (2H, m) , 4.55- 
4.63(lH,m), 5.90-5.98 (2H,m) , 6 . 85-6 . 94 ( 1H, m) , 6.97- 
7.04(lH,m), 7 . 40 (2H, d, J=8 .5Hz) , 7 . 55 (2H, d, J=8 . 5Hz) , 
7. 60 (lH,d, J=8 . 1Hz) , 7 . 66 ( 1H, d, J=8 . 1Hz) , 7 . 98-8 . 05 ( 1H, m) , 
8.53 (lH,s) . 
MSm/z: 562 (M + +H) . 
[0591] 

Example 84: [6- (4-Chlorophenylsulfonyl) (2, 5- 

dif luorophenyl ) methylpyridin-3-yl ] methyl methylcarbonate 

[0592] 

[Chemical formula 127] 




[0593] 

To a dichloromethane (2 ml) solution of the 2-[(4- 
chlorophenylsulfonyl) (2, 5-difluorophenyl)methyl] -5- 
(hydroxymethyl) pyridine (50 mg, 0.12 mmol) obtained in Ex- 
ample 43 were added pyridine (0.040 ml, 0.49 mmol) and 
methyl chlorof ormate (0.019 ml, 0.24 mmol) sequentially at 
0°C. The resulting mixture was stirred at room temperature 
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. for 1 hour. To the reaction mixture was added methyl 
chloroformate (0.019 ml, 0.24 mmol) at 0°C. The resulting 
mixture was stirred at room temperature for 5 hours. The 
reaction mixture was washed with IN hydrochloric acid. The 
organic layer was dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=4:l eluate was concentrated under re- 
duced pressure. The solid thus obtained was washed with 
hexane and collected by filtration to give the title com- 
pound (50 mg, 0.11 mmol, 88%) as a white solid. 
[0594] 

^H-NMR (4 00MHz, CDC1 3 ) 5: 3. 81 (3H, s) , 5.18 (2H, s) , 5. 95 (1H, s) , 

6. 89-7 .04 (2H,m) , 7 .40 (2H, d, J=8 . 5Hz) , 7 .55 (2H,d, J=8 .5Hz) , 

7. 65 (1H, d, J=8 .1Hz) , 7.78 (lH,dd, J=8.~l, 2.2Hz) , 7.97- 
8.03 (lH,m) , 8.64 ( 1H, d, J=2 . 2Hz ) . 

MSm/z: 468 (M + +H) . 
[0595] 

Example 85: [ 6- [ (4-Chlorophenylsulf onyl) (2, 5- 
difluorophenyl) methyl ] pyridin-3-yl ] carbaldehyde oxime (Iso- 
mer A and Isomer B) 
[0596] 

[Chemical formula 128] 
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o=s=o 




CI 

[0597] 

To a dichlorome thane (3 ml) solution of the [6-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl] carbaldehyde (100 nig, 0.25 mmol) obtained in Example 47 
were added N-methylmorpholine (32 pi, 0.2 9 mmol) and hydro- 
xylamine hydrochloride (26 mg, 0.36 mmol). The resulting 
mixture was stirred at room temperature for 3 days. The 
reaction mixture was diluted with dichloromethane, washed 
•sequentially with water, a saturated aqueous solution of 
sodium bicarbonate and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate and concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=3:2 eluate 
was concentrated under reduced pressure to give the title 
Isomer A (low polar compound) (79 mg, 0.19 mmmol, 72%) as a 
white powder and the title Isomer B (high polar compound) 

(17 mg, 0.040 mmol, 17%) as a white powder. 

[0598] 
Isomer A 
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1 H-NMR (400MHz, CDCI3) 5 : 5.97(lH,s), 6 . 91-6 . 96 ( 1H, m) , 6.99- 
7 . 05 (lH,m) , 7.40(2H,d, J=8.6Hz) , 7 . 56 ( 2H, d, J=8 . 6Hz ) , 
7.66(lH,d, J=8.1Hz) , 7.78(lH,s), 7 . 96-8 . 02 (2H, m) , 
8.14(lH,s), 8.75(lH,d, J=1.7Hz) . 
mp: 187 to 188°C. 
MSm/z: 423 (M + +H) . 
[0599] 
Isomer B 

1 H-NMR (400MHz, CDCI3) 5 : 5.98(lH,s), 6 . 91- 6 . 97 ( 1H, m) , 7.00- 
7.06(lH,m), 7.40(lH,s), 7 . 4 1 ( 2H, d, J=8 . 6Hz ) , 
7.57(2H,d, J=8.6Hz) , 7 . 7 1 ( 1H, d, J=8 . 3Hz ) , 7. 90-8 . 02 (2H, m) , 
8 . 41 (1H, dd, J=8 .3,2. 1Hz) , 9 . 00 (1H, s) . 

mp: 194 to 196°C. 
MSm/z: 42 3 (M + +H) . 
.[0600] 

Example 86: 6- [ (4-Chlorophenylsulfonyl) (2, 5- 

dif luorophenyl ) methyl ] -N-cyclohexylmethylnicotinamide 

[0601] 

[Chemical formula 129] 



0 




CI 
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[0602] 

To a dichloromethane (5 ml) solution of the [6- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridin-3- 
yl] carboxylic acid (80 nig, 0.19 mmol) obtained in Example 
50 were added triethylamine (32 0.23 mmol), 4- 

dimethylaminopyridine (12 mg, 0.095 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (44 mg, 0.23 
mmol) and aminomethylcyclohexane (30 jjl, 0.23 mmol) . The 
resulting mixture was stirred at room temperature for 4.5 
hours. The reaction mixture was diluted with dichloro- 
methane and washed sequentially with water, a saturated 
aqueous solution of sodium bicarbonate and brine. The or- 
ganic layer thus obtained was dried over magnesium sulfate 
and concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column chroma- 
tography. The fraction obtained from the hexane: ethyl ace- 
tate=3:l eluate was concentrated under reduced pressure to 
give the title compound (58 mg, 0.11 mmol, 59%) as a white 
powder . 
[0603] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 0 . 95-1 . 80 (llH,m) , 

3.32 (2H, d, J=6. 4Hz) , 5.98 (1H, s) , 6 . 13-6 . 16 ( lH,m) , 6. 90- 
6.96 (lH,m) , 7. 00-706 (lH,m) , 7 . 40 ( 2H, d, J=8 . 6Hz ) , 
7.55 (2H,d, J=8.6Hz) , 7 . 69 ( 1H, d, J=8 . 3Hz ) , 7.97-8. 02 (lH,m) , 
8 .13 (lH,dd, J=8 .3, 2 .2Hz) , 8 . 94 (lH,d, J=2.2Hz) . 
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MSm/z: 519 (M + +H) . 
[0604] 

Example 87: 6- [ (4-Chlorophenylsulfonyl) (2, 5- 

dif luorophenyl ) methyl ] -N- ( 5-chloropyridin-2-yl ) nicotinamide 
[0605] 

[Chemical formula 130] 



To a dichloromethane (5 ml) solution of the [6- [(4- 
chlorophenylsulf onyl ) (2, 5-dif luorophenyl ) methyl ]pyridin-3- 
yl] carboxylic acid (80 mg, 0.19 mmol) obtained in Example 
50 were added triethylamine (32 0.23 mmol), 4- 

dimethylaminopyridine (12 mg, 0.095 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl ) carbodiimide hydrochloride (44 mg, 0.23 
mmol) and 2-amino-5-chloropyridine (29 mg, 0.23 mmol). The 
resulting mixture was stirred at room temperature for 5 
hours. The reaction mixture was diluted with dichloro- 
methane and washed sequentially with water, a saturated 
aqueous solution of sodium bicarbonate and brine. The or- 
ganic layer thus obtained was dried over magnesium sulfate 




o=s=o 




[0606] 
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and concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column chroma- 
tography. The fraction obtained from the hexane: ethyl ace- 
tate=3 : 1 eluate was concentrated under reduced pressure to 
give the title compound (27 mg, 0.051 mmol, 27%) as a white 
powder . 
[0607] 

X H-NMR (4 00MHz, CDCl 3 ) 5: 6.04 (lH,s) , 6.92-6.97 (lH,m) , 7.01- 
7 07 (lH,m) , 7.42 ( 2H, d, J=8 . 6Hz ) , 7.57 ( 2H, d, J=8 . 6Hz ) , 
7 .75 (lH,dd, J=9.1, 2 .4Hz) , 7 . 80 (lH,d, J=8 . 1Hz) , 7. 97- 
8.01 (lH,m) , 8.26 (lH,dd,J=8.1> 2.2Hz) , 
8 .28 (1H, d, J=2 . 4Hz) 8 .33 (1H, d, J=9. 1Hz) , 8 . 51 (1H, s) , 
9.12 (lH/d, J=2.2Hz) . 
MSm/z: 534 (M + +H) . 
[0608] 

Example 8 8 : 6- [ (4-Chlorophenylsulf onyl) (2, 5- 
dif luorophenyl) methyl] nicotinic acid N',N f - 
dimethylhydrazide 
[0609] 

[Chemical formula 131] 
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0 Me 



0=S=0 




[0610] 



To a dichloromethane (5 ml) solution of the [6-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl] pyridin-3- 
yl] carboxylic acid (80 mg, 0.19 mmol) obtained in Example 
50 were added triethylamine (32 0.23 mmol), 4- 

dimethylaminopyridine (12 mg, 0.095 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (44 mg, 0.23 
mmol) and 1 , 1-dimethylhydrazine (21 ill, 0.23 mmol). The 
resulting mixture was stirred at room temperature for 7 
hours. The reaction mixture was diluted with dichloro- 
methane. The diluted mixture was washed sequentially with 
water, a saturated aqueous solution of sodium bicarbonate 
and brine. The organic layer thus obtained was dried over 
magnesium sulfate and concentrated under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the di- 
chloromethane : methanol=50 : 1 eluate was concentrated under 
reduced pressure to give the title compound (60 mg, 0.13 
mmol, 68%) as a colorless amorphous substance. 



221 



[0611] 

X H-NMR (4 00MHz, CDC1 3 ) 6: 2 . 57 (0 . 9H, s) , 2 . 72 (5. 1H, s) , 
5.98(lH,s), 6.48 (0.15H, s) , 6 . 90-7 . 06 (2 . 85H, m) , 
7 . 41 (2H, d, J=8 . 6Hz) , 7 . 56 (2H, d, J=8 . 6Hz) , 7 . 68 ( 1H, d, J=8 . 1Hz ) , 
7.97-8.04 (lH,m) , 8 . 13-8 . 17 ( 1H, m) , 8 . 94 ( 0 . 85H, s ) , 
9.07 (0.15H,s) . 
MSm/z: 4 66 (M + +H) . 
[0612] 

Example 89: 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 

dif luorophenyl) methyl] nicotinic acid N'-(furan-2- 

carbonyl ) hydrazide 

[0613] 

[Chemical formula 132] 



To a dichloromethane (5 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl ]pyridin-3- 
yl] carboxylic acid (80 mg, 0.19 mmol) obtained in Example 
50 were added triethylamine (32 ul, 0.23 mmol), 4- 
dimethylaminopyridine (12 mg, 0.095 mmol), l-ethyl-3- ( 3- 




o=s=o 




CI 



[0614] 



dime thy laminopropyl) carbodiimide hydrochloride (44 mg, 0.23 
mmol) and 2-f uranhydrazide (29 mg, 0.23 mmol) . The result- 
ing mixture was stirred at room temperature for 7.5 hours. 
The reaction mixture was diluted with dichloromethane. The 
diluted mixture was then washed sequentially with water, a 
saturated aqueous solution of sodium bicarbonate and brine. 
The organic layer thus obtained was dried over magnesium 
sulfate and concentrated under reduced pressure under re- 
duced pressure. The residue thus obtained was subjected to 
flash silica gel column chromatography. The fraction ob- 
tained from the dichloromethane : methanol=50 : 1 eluate was 
concentrated under reduced pressure. The solid thus ob- 
tained was recrystallized from dichloromethane-hexane to 
.give the title compound (58 mg, 0.11 mmol, 58%) as a white 
powder . 
[0615] 

X H-NMR (400MHz, CDC1 3 ) 5: 6 . 01 ( 0 . 7H, s ) , 6 . 02 (0 . 3H, s) , 
6.55 (0.7H,dd, J=3. 4, 1.7Hz) , 6 . 91-6 . 96 ( 1H, m) , 6.99- 
7.04 (lH,m) , 7 .21 (0.7H, d, J=3. 4Hz) , 7 .41 (2H,d, J=8. 6Hz) , 
7.53 (0.3H, dd, J=l .7, 0.7Hz) , 7.56-7. 60 (3H,m) , 

7.74 (lH,d, J=8.3Hz) , 7 . 77 ( 0 . 3H, d, J=8 . 8Hz ) , 7 . 95-7 . 99 ( 1H, m) , 
8.15-8 . 19 (lH,m) , 8 . 99 ( 0 . 3H, s ) , 9. 03 (1H, d, J=2 .2Hz) , 
9.14 (0.7H,brs) , 9.67 (0.7H,brs) , 9.98 (0.3H,brs) . 
MSm/z: 532 (M + +H) . 
[0616] 
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Example 90: N- [ [6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 

dif luorophenyl)methyl]pyridin-3-yl]methyl] - (E) -3- (pyridin- 

4-yl) acrylamide 

[0617] 

[Chemical formula 133] 



To a dichloromethane (1 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
y.l]methylamine (41 mg, 0.10 mmol) obtained in Example 63, 
(E) -3- (pyridin-4-yl) acrylic acid (15 mg, 0.10 mmol), ben- 



(0.011 ml, 0.10 mmol) was added l-ethyl-3- ( 3- 

dimethylaminopropyl ) carbodiimide hydrochloride (19 mg, 0.10 

mmol) at 0°C . The resulting mixture was stirred at room 
temperature for 19 hours. The reaction mixture was washed 
with a saturated aqueous solution of sodium bicarbonate. 
The organic layer was dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 




[0618] 



zotriazol-l-ol (14 mg, 0.10 mmol) and N-methylmorpholine 
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ethyl acetate eluate was concentrated under reduced pres- 
sure. The solid thus obtained was washed with diethyl 
ether and collected by filtration to give the title com- 
pound (35 mg, 0.065 mmol, 65%) as a white solid. 
[0619] 

1 H-NMR (400MHz, CDC1 3 ) 5: 4 . 53-4 . 66 ( 2H, m) , 5.93(lH,s), 6.09- 
6.17(lH,m), 6.57 (lH,d, J=15.6Hz) , 6 . 8 6-6 . 93 ( 1H, m) , 6.96- 
7.04(lH,m), 7.34 (2H,d, J=5.9Hz) , 7 . 4 0 ( 2H, d, J=8 . 5Hz ) , 
7.56(2H,d, J=8.5Hz) , 7 . 60 ( 1H, d, J=15 . 6Hz) , 
7.61 (lH,d, J=8.1Hz) , 7.74 (lH,dd,J=8. 1,2. 2Hz) , 7.99- 
8.06(lH,m), 8.59(lH,d, J=2.2Hz) , 8 . 64 ( 2H, d, J=5 . 9Hz ) . 
MSm/z: 54 0 (M + +H) . 
[0620] 

Example 91 : [ 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 

dif luorophenyl) methyl] pyridin-3-yl ] ( thiomorpholin-4- 

yl) methanone 

[0621] 

[Chemical formula 134] 



In a similar manner to Example 90, the title compound 




[0622] 
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(240 mg, 0.47 mmol, 94%) as a white solid by using the [6- 
[ ( 4-chlorophenylsulf onyl) (2,5- 

difluorophenyl)methyl]pyridin-3-yl] carboxylic acid (212 mg, 
0.50 mmol) obtained in Example 50 and thiomorpholine (0.047 
ml, 0. 50 mmol) . 
[0623] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 61 (2H,brs) , 2.74 (2H,brs) , 
3.69(2H,brs) , 4.04(2H,brs) , 5.97 (lH,s) , 6 . 8 8-6 . 95 ( 1H, m) , 
6. 98-7 .06 (lH,m) , 7 . 41 (2H,d, J=8 .5Hz) , 7. 57 (2H,d, J=8 . 5Hz) , 
7.73 (lH,d, J=8.1Hz) , 7.79 (lH,dd,J=8.1, 2.2Hz) , 7.95- 
8.02 (lH,m) , 8.64 ( 1H, d, J=2 . 2Hz ) . 
MSm/z: 509 (M + +H) . 
[0624] 

Example 92: [ 6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-3-yl ] (1, 1-dioxo-lA 6 - 
thiomorpholin-4-yl) methanone (Compound A) and [6-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl] (l-oxo-lA 4 -thiomorpholin-4-yl)methanone (Compound B) 
[0625] 

[Chemical formula 135] 




Compound A 



Compound B 



[0626] 

To a dichloromethane (3 ml) solution of [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridin-3- 
yl] (thiomorpholin-4-yl) methanone (153 mg, 0.30 mmol) was 
added 3~chloroperbenzoic acid (96 mg, 0.36 mmol) under ice 
cooling. The resulting mixture was stirred at room tem- 
perature 2 hours. The reaction mixture was diluted with 
dichloromethane and washed sequentially with a IN aqueous 
sodium hydroxide solution and brine. The organic layer 
thus obtained was dried over magnesium sulfate and concen- 
trated under reduced pressure. The residue thus obtained 
was subjected to flash silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=l:2 
eluate was concentrated under reduced pressure to give the 
title compound A (low polar compound) (81 mg, 0.15 mmol, 
50%) as a white powder, while the fraction obtained from 
the dichloromethane :methanol=10 : 1 eluate was concentrated 
under reduced pressure to give the title compound B (high 
polar compound) (73 mg, 0.14 mmol, 4 6%) as a white powder. 
[0627] 
Compound A 

1 H-NMR (400MHz, CDCI3) 5 : 3.10(4H,brs) , 4.13(4H,brs) , 
5.99 (1H, s) , 6. 8 8-6. 93 (lH,m) , 7 . 00-7 . 06 ( 1H, m) , 

7.42 (2H,d, J=8 .5Hz) , 7 .58 (2H, d, J=8 .5Hz) , 7 .79 (1H, d, J=8.1Hz) , 
7.86 (lH,dd,J=8.1, 1.7Hz) , 7.97-8.02 (lH,m) , 



8,71 (lH,d, J=1.7Hz) . 
MSm/z: 541 (M + +H)'. 
[0628] 
Compound B 

X H-NMR (4 00MHz, CDC1 3 ) 5: 2 . 70-3 . 00 (4H,m) , 3.74 (lH,brs) , 
4.10 (2H,brs) , 4 . 63 (lH,brs) , 5. 98 (1H, s) , 6 . 88-6 . 94 ( lH,m) , 
7.00-7.06 (lH,m) , 7.42 (2H, d, J=8 . 6Hz ) , 7.58 (2H, d, J=8 . 6Hz ) , 
7 .77 (lH,d, J=8 . 1Hz) , 7 .84 (1H, dd, J=8 .1, 2 .2Hz) , 7 . 98- 
8.02 (lH,m) , 8.7 0 ( 1H, d, J=2 . 2Hz ) . 
MSm/z: 525 (M + +H) . 
[0629] 

Example 93: N- ( 3-Methylthiopropyl ) -6- [ (4- 
chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methyl ] nicotinamide 
[0630] 

[Chemical formula 136] 




[0631] 

In a similar manner to Example 90, the title compound 
(238 mg, 0.47 mmol, 93%) as a white solid by using the [6- 
[ (4-chlorophenylsulfonyl) (2,5- 
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difluorophenyl)methyl]pyridin-3-yl] carboxylic acid (212 mg, 
0.50 mmol) obtained in Example 50 and 3- 
methylthiopropylamine (0.055 ml, 0.50 mmol). 
[0632] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 1 . 92-2 . 01 (2H,m) , 2 . 14 (3H, s) , 
2.63(2H,t, J=6.8Hz) , 3.58-3.64 (2H,m) , 5.99(lH,s) , 6.57- 
6. 64 (lH,m) , 6. 90-6. 97 (lH,m) , 6. 99-7 . 06 (lH,m) , 

7 .41 (2H,d, J=8 .5Hz) , 7 . 56 (2H, d, J=8 . 5Hz) , 7 .71 (1H, d, J=8 . 1Hz) , 
7.96-8.03 (lH,m) , 8.16 ( 1H, dd, J=8 . 1 , 2 . 2Hz ) , 
8.96(lH,d, J=2.2Hz) . ^ 
MSm/z: 511 (M + +H) . 
[0633] 

Example 94: N- ( 3-Methylsulf onylpropyl ) -6- [ (4- 
chlorophenylsulf onyl ) (2,5- 

dif luorophenyl ) methyl ] nicotinamide (Compound A) and N-(3- 
methylsulf inylpropyl) -6- [ ( 4-chlorophenylsul f onyl ) (2, 5- 
dif luorophenyl ) methyl] nicotinamide (Compound B) 
[0634] 

[Chemical formula 137] 




Compound A 



Compound B 



[0635] 
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To a dichloromethane (3 ml) solution of N-(3- 
methylthiopropyl ) -6- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] nicotinamide (153 mg, 0.30 mmol) was 
added 3-chloroperbenzoic acid (purity: 65% or greater) (96 

mg, .0.36 mmol) at 0°C . The resulting mixture was stirred 
at room temperature for 3 hours. The reaction mixture was 
washed with a IN aqueous sodium hydroxide solution. The 
organic layer was dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
ethyl acetate eluate was concentrated under reduced pres- 
sure. The solid thus obtained was washed with diethyl 
ether and collected by filtration to afford the title Com- 
pound A (53 mg, .0.098 mmol, 32%) as a white solid. The 
fraction obtained from the dichloromethane : methanol=15 : 1 
eluate was then concentrated under reduced pressure. The 
solid thus obtained was washed with diethyl ether and col- 
lected by filtration to give the title compound B (68 mg, 
0.13 mmol, 43%) as a white solid. 
[0636] 
Compound A 

2 H-NMR( 4 00MHz, CDC1 3 ) 5: 2.20-2 . 30 (2H,m) , 2 . 98 (3H, s) , 
3.17 (2H,t, J=6.8Hz) , 3.65-3.72 (2H,m) , 5.99(lH,s) , 6.82- 
6.88 (lH,m) , 6.90-6.97 (lH,m) , 6 . 99-7 . 06 ( 1H, m) , 
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7.41 (2H,d, J=8.5Hz) , 7 . 56 (2H, d, J=8 . 5Hz) , 7 . 72 ( 1H, d, J=8 . 1Hz ) , 
7.96-8 .02 (lH,m) , 8.16 (lH,dd, J=8.1, 2 .2Hz) , 
9.00 (1H, d, J=2 .2Hz) . 
MSm/z: 543 (M + +H) . 
[0637] 
Compound B 

^-NMR (400MHz, CDC1 3 ) 5: 2 . 11-2 . 23 (lH,m) , 2 . 2 6-2 . 37 ( 1H, m) , 

2.63(3H,s), 2.78-2.86(lH,m) , 2 . 92-3 . 00 ( 1H, m) , 3.51- 

3.61(lH,m), 3.66-3.75(lH,m) , 5.99(lH,s), 6 . 90-6 . 98 ( 1H, m) , 

6. 99-7 . 06 (lH,m) , 7 . 4 0 ( 2H, d, J=8 . 5Hz ) , 7 . 55 ( 2H, d, J=8 . 5Hz ) , 

7. 69 (lH,d, J=8 . 1Hz) , 7. 88-8 .01 (2H,m) , 

8.22 (lH,dd, J=8 .1, 2.2Hz) , 9. 08 (1H, d, J=2.2Hz) . 

MSm/z: 527 (M + +H) . 

'[0638] 

Example 95: 2-Chloro-5- [ (3-chloropyridin-4-yl) (2, 5- 
dif luorophenyl ) methylthio ] pyridine 
[0639] 

[Chemical formula 138] 




[0640] 



To an ethanol (7 ml) solution of the O-ethyl . S- ( 6- 
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chloro-3-pyridyl) dithiocarbonate (164 mg, 0.70 mmol) ob- 
tained in Referential Example 2 6 was added a IN aqueous so 
dium hydroxide solution (7 ml) . The resulting mixture was 
stirred at 80°C for 3 hours. After the reaction mixture 
was cooled to room temperature, IN hydrochloric acid was 
added thereto. The resulting mixture was extracted with 
dichloromethane . The organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure to afford 6-chloro-3- 
pyridinethiol as a yellow solid. 
[0641] 

To a dichloromethane (3 ml) solution of the 3-chloro 
4-[ (2, 5-dif luorophenyl ) -hydroxymethyl ] pyridine (153 mg, 
0.60 mmol) obtained in Referential Example 23 were added 
triethylamine (0.167 ml, 1.2 0 mmol) and methanesulf onyl 
chloride (0.070 ml, 0.90 mmol) sequentially at 0°C . The 
resulting mixture was stirred at room temperature for 2 
hours. The reaction mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was then dried over anhydrous sodium sulfate and filtered. 
The filtrate was concentrated under reduced pressure. To 
an N, N-dimethylf ormamide (3 ml) solution of the residue 
thus obtained was added an N, N-dimethylf ormamide (2 ml) so 
lution of 6-chloro-3-pyridinethiol and potassium carbonate 
(100 mg, 0.72 mmol) sequentially. The resulting mixture 
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was stirred at room temperature for 18 hours. Ethyl ace- 
tate was added to the reaction mixture. The resulting mix- 
ture was washed with a saturated aqueous solution of sodium 
bicarbonate. The organic layer was dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the hexane: ethyl acetate=17:3 eluate was con- 
centrated under reduced pressure to give the title compound 

(111 mg, 0.29 mmol, 48%) as a white solid. 

[0642] 

^-NMR (4 00MHz, CDC1 3 ) 5: 6.04 (lH,s) , 6 . 95-7 . 05 ( 2H, m) , 7.10- 
7.2 0 (lH,m) , 7.25 (lH,d, J=8. 1Hz) , 7 . 57 (lH,d, J=5. 1Hz) , 
7.60 (lH,dd, J=8.1, 2.5Hz) , 8.31 ( 1H, d, J=2 . 5Hz ) , 
8.54 (lH,d, J=5.1Hz) , 8.59 (1H, s) . 
MSm/z: 383 (M + +H) . 
[0643] 

Example 96: 2-Chloro-5- [ ( 3-chloropyridin-4-yl ) (2,5- 
difluorophenyl) methyl sulfonyl] pyridine 
[0644] 

[Chemical formula 139] 




[0645] 

To a methanol (4 ml) solution of 2-chloro-5- [ ( 3- 
chloropyridin-4-yl) (2, 5-dif luorophenyl) methylthio] pyridine 
(109 mg, 0,28 mmol) were added 31% aqueous hydrogen perox- 
ide (2 ml) and hexaammonium heptamolybdate tetrahydrate (30 
mg) . The resulting mixture was stirred at room temperature 
for 17 hours. Ethyl acetate was added to the reaction mix- 
ture. The resulting mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue was subjected to flash silica gel column chromatog- 
raphy. The fraction obtained from the hexane: ethyl ace- 
tate=17:3 eluate was concentrated under reduced pressure to 
give the title compound (108 mg, 0.26 mmol, 92%) as a white 
solid. 
[0646] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.2 6 (1H, s) , 6 . 94-7 . 03 ( 1H, m) , 7.0 6- 
7 . 15 (lH,m) , 7 .44 (1H, d, J=8 . 3Hz) , 7 . 50-7 . 5 6 (lH,m) , 
7.89(lH,dd., J=8.3,2.7Hz) , 8.12 ( 1H, d, J=5 . 1Hz ) , 
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8.59 (lH,d, J=2 ,7Hz) , 8.61 (1H, s) , 8 . 66 ( 1H, d, J=5 . 1Hz) . 
MSm/z: 415 (M + +H) . 
[0647] 

Example 97: 5- [ (3-Chloropyridin-4-yl) (2,5- 
dif luorophenyl) methylsulf onyl ] -2-f luoropyridine 
[0648] 

[Chemical formula 140] 



To an acetonitrile (2 ml) solution of 2-chloro-5- [ ( 3- 
chloropyridin-4-yl) (2,5- 

dif luorophenyl) methylsulf onyl] pyridine (66 mg, 0.16 mmol) 
were added potassium fluoride (94 mg, 1.60 mmol) and tetra- 
phenylphosphonium bromide (134 mg, 0.32 mmol). The result- 
ing mixture was heated under reflux for 16 hours. After 
the reaction mixture was cooled to room temperature, di- 
chloromethane was added thereto. The resulting mixture was 
washed with water. The organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The residue was sub- 
jected to flash silica gel column chromatography. The 




[0649] 
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fraction obtained from the hexane: ethyl acetate=17:3 eluate 
is concentrated under reduced pressure to give the title 
compound (4.5 mg, 0.011 mmol, 7%) as a white solid. 
[0650] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.26 (lH,s) , 6.93-7.13 (3H,m) , 7.50- 
7 .56 (lH,m) , 8 . 01-8.08 (lH,m) , 8. 13 (lH,d, J=5. 1Hz) , 
8.4 8 (lH,d, J=2.2Hz) , 8.60 (lH,s) , 8 . 66 ( 1H, d, J=5 . 1Hz ) . 
MSm/ z : 4 4 0 (M + +H+MeCN ) . 
[0651] 

Example 98: N' - [6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin-3-ylmethylildene ] -2- 
thiophenecarbohydrazide 
[0652] 

[-Chemical formula 141] 



The [6- [ (4-chlorophenylsulfonyl) -(2,5- 
dif luorophenyl) methyl] pyridin-3-yl] carbaldehyde (100 mg, 
0.245 mmol) obtained in Example 47 and 2- 
thiophenecarbohydrazide (41.7 mg, 0.294 mmol) were dis- 
solved in ethanol (3 ml) . The resulting mixture was 




o=s=o 




[0653] 



stirred at room temperature for 3 days. The solid thus 
precipitated was collected by filtration and washed with 
ethanol. The solid thus obtained was recrystallized from 
ethanol to give the title compound (91.0 mg, 0.171 mmol, 
70%) as a white solid. 
[0654] 

1 H-NMR (400MHz, CDCl 3 /DMSO-d 6 ) 5: 5.98 (lH,s), 6 . 93-7 . 01 ( 1H, m) , 
7.02-7.09(lH,m) , 7 . 14-7 . 20 ( 1H, brm) , 7 . 42 (2H, d, J=8 . 5Hz) , 
7.57 (2H,d, J=8.5Hz) , 7 . 62-7 . 73 (2H, brm) , 8 . 02-8 . 20 (3H, m) , 
8.95(lH,s) , 11.5(lH,s) . 
MSm/z: 532 (M + +H) . 
[0655] 

Example 99: 6- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] nicotinamide 
[0656] 

[Chemical formula 142] 




o=s=o 

0 

CI 

[0657] 

To a dichloromethane (4 ml) suspension of the [6-[(4- 
chlorophenylsulfonyl) (2 , 5-dif luorophenyl) methyl] pyridin-3- 
yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
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50 were added thionyl chloride (1.00 ml) and N,N- 
dimethylformamide (one drop) . The resulting mixture was 
stirred at room temperature for 18 hours. The reaction 
mixture was concentrated to dryness. The residue thus ob- 
tained was dissolved in dichloromethane (6 ml) . A 28% 
aqueous ammonia (2 ml) was added to the resulting solution. 
After the mixture was stirred at room temperature for 3 
hours, the reaction mixture was acidified with IN hydro- 
chloric acid. The resulting mixture was concentrated and 
the solid thus formed was collected by filtration. The 
solid thus obtained was washed with water and ethanol and 
then, recrystallized from ethanol to give the title com- 
pound (47.9 mg, 0.113 mmol, 46%) as a white solid. 
[0 658] 

; H-NMR ( 400MHz, CDCl 3 /DMSO-d 6 ) 5: 6.00 (1H, s) , 6.38 (lH,brs) , 
6. 94-6. 99 (lH,m) , 7 .02-7. 08 (lH,m) , 7.43 (2H,d, J=8.5Hz) , 
7.56 (2H,d, J=8.5Hz) , 7.67 ( 1H, d, J=7 . 6Hz ) , 7 . 65-7 . 75 ( 1H, brm) , 
7 . 99-8 . 04 (lH,m) , 8 .26 (lH,dd, J=8 . 1, 2 .4Hz) , 
9.12 (lH,d, J=1.7Hz) . 
MSm/z: 423 (M + +H) . 
[0659] 

Example 100: 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] -N- ( 4-methylcyclohexyl ) nicotinamide 
[0660] 

[Chemical formula 143] 



238 



CI 



[0661] 

To a dichloromethane (4 ml) suspension of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridin-3- 
yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
50 were added thionyl chloride (1.00 ml) and N,N- 
dimethylformamide (one drop) . The resulting mixture was 
stirred at room temperature for 6 hours. The reaction mix- 
ture was concentrated to dryness and the residue thus ob- 
tained was dissolved in dichloromethane (6 ml) . To the re- 
sulting solution were added N-methylmorpholine (51.8 pi, 
0.472 mmol) and 4-methylcyclohexylamine (37.4 pi, 0.283 
mmol). The resulting mixture was stirred at room tempera- 
ture for 18 hours, followed by dilution with dichloro- 
methane. The diluted mixture was washed sequentially with 
IN hydrochloric acid, water and brine, dried over magnesium 
sulfate and concentrated. The residue thus obtained was 
subjected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=3:l eluate 



was concentrated to give a white solid. The solid thus ob- 
tained was recrystallized from ethyl acetate-hexane to give 
the title compound (70.3 mg, 0.135 mmol, 57%) as a white 
powder . 
[0662] 

X H-NMR (400MHz, CDC1 3 ) 5: 0.92 ( 1 . 8H, d, J=6 . 6Hz) , 

0. 96(1.2H,d, J=6.4Hz) , 1 . 05-1 . 30 ( 3H, m) , 1 . 32-1 . 43 (0 . 6H,m) , 

1. 55-1. 83(4 . 4H, m) , 2 . 03-2 . 12 (1H, m) , 3 . 8 6-3 . 97 ( 0 . 6H, m) , 
4.20-4.28 (0.4H,m) , 5 . 8 8 ( 0 . 6H, d, J=7 . 1Hz ) , 5.98(lH,s), 
6.18 (0.4H,d, J=7.3Hz) , 6. 90-6.96 (lH,m) , 6 . 98-7 . 06 (lH,m) , 
7 .41 (1 .2H, d, J=8 . 1Hz) , 7 . 41 (0. 8H, d, J=8 . 1Hz) , 
7.56(1.2H,d, J=8.1Hz) 7 . 57 ( 0 . 8H, d, J=8 . 1Hz ) , 7.67- 
7.72(lH,m), 7.97-8.05(lH,m) , 8 . 1 0-8 . 18 ( 1H, m) , 
8.93(0.6H,d, J=2.2Hz) , 8 . 96 ( 0 . 4H, d, J=2 . 2Hz ) . 

MSm/z: 519 (M + +H) . 
[0663] 

Example 101: 6- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl ) methyl ] -N-methoxynicotinamide 
[0664] 

[Chemical formula 144] 



0 




o=s=o 
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[0665] 

To a dichloromethane (6 ml) suspension of the [6- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
50 were added N-methylmorpholine (77.7 pi, 0.708 mmol), O- 
methylhydroxylamine hydrochloride (23.6 mg, 0.283 mmol), 
and l-ethyl-3- ( 3-dimethylaminopropyl ) carbodiimide hydro- 
chloride (54.3 mg, 0.283 mmol). The resulting mixture was 
stirred at room temperature for 1 hour. To the reaction 
mixture was added tetrahydrof uran (1 ml) . After stirring 
at room temperature for 18 hours, the reaction mixture was 
diluted with dichloromethane. The diluted mixture was 
washed with water and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate and concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=l:l eluate 
was concentrated to give a white solid. The resulting 
solid was washed with ethyl acetate to give the title com- 
pound (55.1 mg, 0.122 mmol, 52%) as a white powder. 
[0666] 

1 H-NMR (40 0MHz, CDCI3) 5 : 3 . 90 (2 . 4H, s ) , 3 . 97 ( 0 . 6H, s ) , 
5. 97 (0.2H, s) , 5. 98 (0 . 8H, s) , 6. 90-7 . 07 (2H,m) , 7 .39- 
7.46(2H,m), 7 . 54-7 . 59 ( 2H, m) , 7 . 63 ( 0 . 2H, d, J=8 . 3Hz) , 
7.7 3 (0.8H,d, J=8.1Hz) , 7.94-8.00 (lH,m) , 8 . 10-8 . 15 ( 1H, m) , 
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8 .76 (lH,brs) , 8 . 92 ( 0 . 8H, d, J=1.7Hz) , 9. 01 (0.2H,d, J=l. 5Hz) . 
MSm/z: 4 53 (M + +H) . 
[0667] 

Example 102: N, N-Dimethyl- [6- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl ] pyridin-3-yl]methylamine 
[0668] 

[Chemical formula 145] 



The [6- [ (4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methyl] pyridin-3-yl] carbaldehyde (100 mg, 
0.245 mmol) obtained in Example 47, a tetrahydrof uran solu- 
tion (2.0M, 0.25 ml, 0.50 mmol) of dimethylamine and acetic 
acid (0.029 ml, 0.51 mmol) were dissolved in 1,2- 
dichloroethane (5 ml), followed by the addition of sodium 
triacetoxyborohydride (115 mg, 0.515 mmol) at room tempera- 
ture. The resulting mixture was stirred at room tempera- 
ture for 3 days. To the reaction mixture were added a 
saturated aqueous solution of sodium bicarbonate and ethyl 
acetate. The resulting mixture was separated into layers. 
The organic layer thus obtained was washed sequentially 




[0669] 
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with a saturated aqueous solution of sodium bicarbonate and 
brine, and dried over anhydrous magnesium sulfate. After 
filtration, the filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
dichloromethane :methanol=40 : 1 eluate was concentrated under 
reduced pressure to yield a white solid. The resulting 
solid was washed with hexane to give the title compound (88 
mg, 0.20 mmol, 82%) as a white powder. 
[0670] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2.23 (6H, s) , 3.43 (2H, s) , 5.94 (1H, s) , 
6. 8 8-6. 98 (lH,m) , 6. 98-7 . 06 (lH,m) , 7 . 3 8 (2H,d, J=8 . 6Hz) , 7 .52- 
7 . 62 (3H,m) , 7.71 (lH,dd, J=8 . 1, 2.1Hz) , 7.98-8 .08 (lH,m) , 
8.51 (lH,d, J=2.1Hz) . 
MSm/z: 437 (M + +H) . 
[0671] 

Example 103: N- [ [ 6- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
di f luorophenyl ) methyl ] pyridin- 3-yl ] methyl ] bis ( 2- 
methoxyethyl) amine 
[0672] 

[Chemical formula 146] 
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[0673] 

The [ 6- [ (4-chlorophenylsulfonyl) (2,5- 
di f luorophenyl ) methyl ] pyridin- 3-yl ] carbaldehyde (100 mg, 
0.245 mmol) obtained in Example 47, bis (2- 
methoxyethyl) amine (70 mg, 0.53 mmol) and acetic acid 
(0.029 ml, 0.51 mmol) were dissolved in 1 , 2-dichloroethane 
(5 ml) . To the resulting solution was added sodium triace- 
toxyborohydride (115 mg, 0.515 mmol) at room temperature. 
The resulting mixture was stirred at room temperature for 3 
days. To the reaction mixture were added a saturated aque- 
ous solution of sodium bicarbonate and ethyl acetate. The 
resulting mixture was separated into layers. The organic 
layer thus obtained was washed sequentially with a satu- 
rated aqueous solution of sodium bicarbonate and brine, and 
dried over anhydrous magnesium sulfate. After filtration, 
the filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=3:2 eluate was concentrated under reduced 
pressure to afford a white solid. The resulting solid was 
washed with hexane to give the title compound (101 mg, 
0.192 mmol, 78%) as a white powder. 
[0674] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 2.73 (4H, t, J=5.8Hz) , 3.31 (6H, s) , 
3.47 (4H,d, J=5.8Hz) , 3.75(2H,s), 5.93(lH,s), 6.88- 
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6.97(lH,m), 6.97-7.07 (lH,m) , 1 . 38 (2H, d, J=8 . 8Hz) , 7.50- 
7.60 (3H,m) , 7 . 7 6 ( 1H, dd, J=8 . 1 , 2 . 0Hz ) , 7.98-8.08 (lH,m) , 
8.54 (lH,d, J=2.0Hz) . 
MSm/z: 525 (M + +H) . 
10675] 

Example 104: 6- [ ( 4-Chlorophenylsulf onyl) (2, 5- 
dif luorophenyl ) methyl ] -N, N-dimethylnicotinamide 
[0676] 

[Chemical formula 147] 



F 




10677] 

The [6- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl) methyl] pyridin-3-yl] carboxylic acid (90 mg, 
0.21 mmol) obtained in Example 50, a tetrahydrof uran solu- 
tion (2.0M, 0.21 ml, 0.42 mmol) of dimethylamine, 4- 

(dimethylamino) pyridine (15 mg, 0.12 mmol) and triethyl- 
amine (0.045 ml, 0.32 mmol) were dissolved in dichloro- 
methane (5 ml) . To the resulting solution was added 1- 
ethyl-3- ( 3-dimethylaminopropyl ) carbodiimide hydrochloride 

(61 mg, 0.32 mmol) at room temperature, followed by stir- 
ring at room temperature for 14 hours. The residue ob- 



tained by concentrating the reaction mixture under reduced 
pressure was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane: ethyl acetate=2 : 1 
eluate was concentrated under reduced pressure to give the 
title compound (35 mg, 0.066 mmol, 90%) as a white powder. 
[0678] 

1 H-NMR (400MHz, CDCI3) 5 : 3.01(3H,s), 3.14(3H,s), 5.97(lH,s), 
6.88-6.99(lH,m) , 6 . 99-7 . 08 ( 1H, m) , 7 . 40 (2H, d, J=8 . 7Hz) , 
7.57 (2H,d, J=8.7Hz) , 7 . 70 ( 1H, dd, J=8 . 0, 0 . 7Hz) , 
7.82 (1H, dd, J=8 .0, 2 .2Hz) , 7.93-8.04 (lH,m) , 
8.68 (lH,dd, J=2.2, 0.7Hz) . 
MSm/z: 451 (M + +H) . 
[0679] 

Example 105: [ 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
difluorophenyl) methyl ] pyridin-3-yl ] (4-methylpiperazin-l- 
yl) methanone 
[0680] 

[Chemical formula 148] 



The [ 6- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl) methyl ] pyridin-3-yl ] carboxylic acid (90 mg, 




[0681] 
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0.21 mmol) obtained in Example 50, N-methylpiperazine 
(0.036. ml, 0.33 mmol), 4- (dime thy lamino) pyridine (15 mg, 
0.12 mmol) and triethylamine (0.045 ml, 0.32 mmol) were 
dissolved in dichlorome thane (5 ml) . To the resulting so- 
lution was added l-ethyl-3- (3- 

dimethylaminopropyl) carbodiimide hydrochloride (61 mg, 0.32 
mmol) at room temperature. The resulting mixture was 
stirred at room temperature for 14 hours. To the reaction 
mixture were added N-methylpiperazine (0.03 6 ml, 0.33 
mmol), triethylamine (0.045 ml, 0.32 mmol) and l-ethyl-3- 
(3-dimethylaminopropyl) carbodiimide hydrochloride (61 mg, 
0.32 mmol) . The resulting mixture was stirred at room tem- 
perature for 14 hours. The reaction mixture was then con- 
centrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography. 
The fraction obtained from the dichloro- 

methane:methanol=25: 1 eluate was concentrated under reduced 
pressure to afford the title compound (86 mg, 0.17 mmol, 
80%) as a white powder. 
[0682] 

1 H-NMR (4 00MHz, CDCI3) 5: 2.33(3H,s), 2.38 (2H,brs) , 
2.50(2H,brs) , 3 . 44 (2H,brs) , 3 . 81 (2H,brs) , 5.97(lH,s), 6.87- 
6. 98 (lH,m) , 6. 98-7.08 (lH,m) , 7.40 (2H,d, J=8 . 8Hz) , 
7 . 57 (2H,d, J=8 . 8Hz) , 7 .71 (lH,dd, J=8 . 1, 0.7Hz) , 
7.81 (lH,dd,J=8.1, 2.2Hz) , 7 . 94-8 . 04 ( 1H, m) , 



8 . 66 (1H, dd, J=2 .2, 0.7Hz) . 
MSm/z: 506 (M + +H) . 
[0683] 

Example 106: 4- [2- [ 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - 
(2, 5-dif luorophenyl) methyl] pyridin-2- 
yl ] aminoethyl ] morpholine 
[0684] 

[Chemical formula 149] 

O 



[0685] 

The 4- [2- [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl ) methyl ] pyr idin-2-yl ] aminoethyl ] morpholine-N- 
oxide (78 mg, 0.14 mmol) obtained in Example 61 was dis- 
solved in a mixed solvent of acetic acid (2.0 ml) and water 
(2.0 ml). The resulting solution was heated to 60°C and 
iron powder (40 mg, 0.72 mmol) was added thereto. The re- 
sulting mixture was stirred for 30 minutes. After cooling, 
the reaction mixture was poured into a saturated aqueous 
solution of potassium carbonate, followed by extraction 
with ethyl acetate (60 ml) . The extract was washed with 
brine, dried and concentrated under reduced pressure. The 
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residue thus obtained was purified by silica gel chromatog-. 
raphy (3% methanol/chlorof orm solution) to give the title 
compound (30 mg, 40%) . 
[0686] 

X H-NMR (400MHz, CDC1 3 ) 6: 2 . 5-2 . 8 ( 6H, m) , 3.59(2H,br), 
3.81(4H,br), 5.45(lH,br), 6.10(lH,s), 6. 88 (lH,m) , 
7.01(lH,m), 7.25(lH,s), 7 . 42 (2H, d, J=8 . 8Hz) , 7.49(lH,m), 
7.60 (2H,d, J=8.4Hz) , 7.97(lH,s). 
MSm/z: 542 (M + +H) . 
[0687] 

Example 107: t-Butyl 2- [N- [5-chloro-4- [ (4- 

chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridin-2-yl ] - 
N-methylamino ] e thyl-methylcarbamate 
[0688] 

[Chemical formula 150] 




[0689] 

A 1,4-dioxane (2.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl) methyl] pyridine 
(78 mg, 0.19 mmol) obtained in Example 54 and N,N'- 



dimethylethylenediamine (400 were stirred at 100°C for 

2 days under a nitrogen atmosphere. After cooling to room 
temperature, the reaction mixture was diluted with ethyl 
acetate (40 ml) . The diluted mixture was washed with water 
and brine, dried and then concentrated under reduced pres- 
sure to give a residue. The residue thus obtained was dis- 
solved in tetrahydrofuran (10 ml) . To the resulting solu- 
tion were added triethylamine (31 pi, 0.22 mmol) and di-t- 
butyl dicarbonate (49 mg, 0.22 mmol) at room temperature. 
The resulting mixture was stirred for 15 hours. The reac- 
tion mixture was concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel chromatog- 
raphy (hexane : ethyl acetate=4:l) to give the title compound 
(68 mg, 64%) as an oil. 
[0690] 

"""H-NMR (4 00MHz, CDCI3) 5 : 1.26 and 1 . 32 ( 9H, br-s, rotamer ) , 
2 .75and2 .78 ( 3H, br-s , rotamer ) , 2 . 95 ( 3H, br-s ) , 3. 30 (2H,m) , 
3. 65 (2H,m) , 5. 92 (1H, s) , 6 . 6- 6 . 8 ( 1H, m) , 6 . 8 4-6 . 97 (2H,m) , 
7 . 05 (lH,m) , 7 . 14 (2H, d, J=8 . 8Hz) , 7 . 17 (2H, d, J=8 .4Hz) , 
7.98 (lH,s) . 
MSm/z: 568 (M + +H) . 
[0691] 

Example 108: t-Butyl 2- [N- [5-chloro-4- [ (4- 

chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] -N-methylamino] ethyl-methylcarbamate 



250 



[0 692] 
[Chemical 



formula 151] 




[0693] 

To a methanol (6 ml) solution of t-butyl 2-[N-[5- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 

dif luorophenyl) methyl] pyridin-2-yl ] -N-methylamino] ethyl - 
methylcarbamate (67 mg, 0.12 mmol) were added hexaammonium 
heptamolybdate tetrahydrate (30 mg) , followed by the fur- 
ther addition of 30% aqueous hydrogen peroxide (3 ml) . The 
resulting mixture was stirred for 17 'hours. After the re- 
action mixture was diluted with ethyl acetate, the diluted 
mixture was washed with water and brine, and then concen- 
trated under reduced pressure. The residue thus obtained 
was purified by silica gel chromatography (hexane : ethyl 
acetate=3:l) to give the title compound (64 mg, 91%). 
[0694] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1.33 and 1 . 38 ( 9H, br-s, rotamer ) , 2.87 
and 2. 89 (3H, br-s, rotamer) , 3.11 (3H,br-s) , 3.3-3.4 (2H,m) , 
3. 6-3. 9 (2H,m) , 6.12 (1H, s) , 6. 89 (lH,m) , 7 . 00 (lH,m) , 
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7 .26 (lH,m) , 7 .41 (2H, d, J=8 . 4Hz) , 7 53 (lH,m) , 



7.59 (2H,d, J=8.4Hz) , 8.00 (1H, s) . 

EI-MS: 599.1204 (Calcd for C27H29CI2F2N3O4S : 599.1224). 
[0695] 

Example 109: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl) - (2, 5- 
dif luorophenyl) methyl] -2- [N-methyl-N- [2- 

(methylamino) ethyl ] amino] pyridine 

[0696] 

[Chemical formula 152] 



In methylene chloride (2.0 ml) was dissolved t-butyl 
2- [N- [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] -N-methylamino] ethyl- 
methylcarbamate (61 mg, 0.10 mmol) . To the resulting solu- 
tion were added anisole (40 pi) and trif luoroacetic acid 
(200 pi) at room temperature and the resulting mixture was 
stirred for 1 hour. The residue obtained by concentrating 
the reaction mixture under reduced pressure was purified by 
silica gel chromatography (3% methanol/chlorof orm 3% — > 
methanol, 3% t-butylamine/chlorof orm) to give the title 




CI 



[0697] 
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compound (21 mg, 41%) as an oil. 
[0698] 

1 H-NMR (4 00MHz, CDCI3) 5: 2.51 (3H, s) , 2. 90 (2H,d, J=6.0Hz) , 
3.14 (3H, s) , 3.72 (2H,m) , 6. 13 (1H, s) , 6 . 8 9 ( 1H, m) , 7 . 00 (lH,m) , 
7 .36 (lH,m) , 7 .41 (2H,d, J=8 . 4Hz) , 7 . 52 ( 1H, m) , 
7.60(2H,d, J=8.4Hz) , 8.00(lH,s) . 

FAB-MS: 500.0770 (Calcd for C 2 2H22Cl2F 2 N 3 02S : 500.0778). 
[0699] 

Example 110: (2 f S) -5-Chloro-4- [ ( 4-chlorophenylthio ) - (2,5- 
dif luorophenyl) methyl] -2- [2' - (hydroxymethyl ) pyrrolidin-1 ' - 
yl] pyridine 
[0700] 

[Chemical formula 153] 




[0701] A 1,4-dioxane (1.0 ml) solution of the 2,5- 
dichloro-4- [ (4-chlorophenylthio) - (2, 5- 

dif luorophenyl) methyl] pyridine (60 mg, 0.14 mmol) obtained 
in Example 54 and ( S ) -2-pyrrolidinemethanol (200 was 
stirred at 100°C for 3 days under a nitrogen atmosphere. 
After cooling to room temperature, the reaction mixture was 



diluted with ethyl acetate (50 ml) . The diluted mixture 
was washed with water and brine, dried and then concen- 
trated under reduced pressure. The residue thus obtained 
was purified by silica gel chromatography (hexane : ethyl 
acetate=5:l) to give the title compound (40 mg, 58%) as an 
oil . 
[0702] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 1.7 8 (lH,m) , 2.06 (3H,m) , 3.29 (lH,m) , 
3.50 (lH,m) , 3.66(lH,m) , 3.72 (lH,m) , 4.33 (lH,m) , 
5. 97and5. 98 (1H, s, rotamer) , 6. 73and6 . 7 7 (1H, s, rotamer) , 6. 92- 
7.15(3H,m) , 7.25 (4H,m) , 7.98 (lH,s) . 
MSm/z: 481 (M + +H) . 
[0703] 

Example 111: (2' S) -5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - 
(2, 5-dif luorophenyl) methyl-2- [2' - (hydroxymethyl ) pyrrolidin- 
1' -yl] pyridine 
[0704] 

[Chemical formula 154] 




[0705] 



Hexaammonium heptamolybdate tetrahydrate (30 mg) was 
added to a methanol (6 ml) solution of (2' S) -5-chloro-4- 
[ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] -2- [2' - 
(hydroxymethyl)pyrrolidin-l' -yl]pyridine (39 mg, 0.08 
mmol) , followed by the further addition of 30% aqueous hy- 
drogen peroxide (3 ml) . The resulting mixture was stirred 
for 17 hours. The reaction mixture was diluted with ethyl 
acetate (60 ml) . The diluted mixture was washed with water 
and brine and concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel chromatog- 
raphy (hexane: ethyl acetate=l:l) to give the title compound 
(33 mg, 79%) as an oil. 
[0706] 

^-NMR (400MHz, CDCI3) 5: 1.75(lH,m), 2.02(3H,m), 3.3- 

3.5(lH,m), 3.52-3.75 (3H,m) , 4 . 2-4 . 35 ( 1H, m) , 6 . 05 ( 1H, br-s) , 

6.84(lH,m), 6.96(lH,m), 7.36(lH,s), 7.36 and 

7.37 (2H,d, J=8 . 8Hz, rotamer) , 7.43(lH,m), 7.53 and 

7 . 54 (2H, d, J=8 . 8Hz, rotamer) , 7.89 and 7 . 90 ( 1H, s, rotamer ) . 

FAB-MS: 513 . 0627 (Calcd for CaaHaiC^FaNaOsS : 513.0618). 

[0707] 

Example 112: t-Butyl [4- [5-chloro-4- [ (4-chlorophenylthio) - 
( 2 , 5-dif luorophenyl ) methyl ] pyridin-2-yl ] morpholin-2- 
yl ] methylcarbamate 
[0708] 

[Chemical formula 155] 




[0709] 

A 1,4-dioxane (1.0 ml) solution of the t-butyl 2,5- 
dichloro-4- [ ( 4-chlorophenylthio) -(2,5- 

dif luorophenyl) methyl] pyridine (60 mg, 0.14 mmol) obtained 
in Example 54 and t-butyl (morpholin-2-yl ) methylcarbamate 

(200 mg) was stirred at 100°C for 2 days under a nitrogen 
atmosphere. After cooling to room temperature, the reac- 
tion mixture was diluted with ethyl acetate (50 ml) . The 
diluted mixture was washed with water and brine, dried and 
concentrated under reduced pressure. The residue thus ob- 
tained was purified by silica gel chromatography (hex- 
ane : ether=5 : 1 ) to give the title compound (45 mg, 52%) as 
an oil. 

[0710] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 .46 (9H, s) , 2 .72 (lH,m) , 3. 00 (lH,m) , 
3.22 (lH,m) , 3.44 (lH,m) , 3 . 6-3 . 75 (2H, m) , 3.9-4.1 (3H,m) , 
4.95(lH,br), 5.99 and 6 . 00 ( 1H, s, rotamer ) , 6.96 and 
6.97 (1H, s, rotamer) , 6.9-7.1 (3H,m) , 7.24 (4H, s) , 8 .11 (1H, s) . 
MSm/z: 596 (M + +H) . 
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[0711] 

Example 113: t-Butyl [4- [ 5-chloro-4- [ (4- 

chlorophenylsulfonyl') - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

yl ]morpholin-2-yl ] methyl carbamate 

[0712] 

[Chemical formula 156] 



Hexaammonium heptamolybdate tetrahydrate (30 mg) was 
added to a methanol (6 ml) solution of t-butyl [4- [5- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] morpholin-2- - 
yl]methylcarbamate (44 mg, 0.074 mmol) , followed by the 
further addition of 30% aqueous hydrogen peroxide (3 ml) . 
The resulting mixture was stirred for 17 hours. After the 
reaction mixture was diluted with ethyl acetate (60 ml), 
the diluted mixture was washed with water and brine, and 
concentrated under reduced pressure. The residue thus ob- 
tained was purified by silica gel chromatography (hex- 
ane: ethyl acetate=3:l) to give the title compound (31 mg, 
67%) as an oil. 




CI 



[0713] 
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[0714] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1.40(9H,s), 2.69(lH,m), 3.02(lH / m), 

3.18 (lH,m) , 3.41(lH,br), 3 . 6-3 . 75 (2H,m) , 3.92(lH,m), 

4.02(lH,m), 4.13(lH,m), 4.91(lH,br), 6.07(lH,s), 

6.85(lH,m), 6.99(lH,m), 7 . 37 (2H, d, J=8 . 4Hz) , 7.35- 

7 .45 (2H,m) , 7 . 53 ( 2H, d, J=8 . 4Hz) , 8.17(lH,s). 

FAB-MS: 628.1255 (Calcd for C 2 8H3oCl2F 2 N 3 0 5 S : 628.1251). 

[0715] 

Example 114: 2-Aminomethyl-4- [5-chloro-4- [ (4- 
chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl] pyridin-2- 
yl]morpholine 
[0716] 

[Chemical formula 157] 



In methylene chloride (1.5 ml) was dissolved t-butyl 
[4- [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] mo rpholin-2- 
yl]methylcarbamate (30 mg, 0.05 mmol) . To the resulting 
solution were added anisole (30 ul) and trif luoroacetic 
acid (150 pi) at room temperature. The resulting mixture 




CI 



[0717] 
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was stirred for 1 hour. The residue obtained by concen- 
trating the reaction mixture under reduced pressure was pu- 
rified by silica gel chromatography (3% methanol/chlorof orm 
3% methanol, 3% t-butylamine/chlorof orm) to give the ti- 
tle compound (17 mg, 67%) as an oil. 

[0718] X H-NMR ( 40 0MHz, CDC1 3 ) 5: 2.77 (lH,m) , 2.9-3.3 (2H,m) , 
3. 5-3. 85 (3H,m) , 3. 97 (lH,m) , 4 . 04-4 . 25 ( 2H, m) , 6. 12 (1H, s) , 
6.90(lH,m) , 7.02 (lH,m) , 7.42 (2H, d, J=8 . 4Hz) , 7 . 4-7 . 55 (2H, m) , 
7.58 (2H, d, J=8.4Hz) , 8 .05 (1H, s) . 

FAB-MS: 528.0695 (Calcd for C 2 3H22Cl2F 2 N 3 03S : 528.0727). 
[0719] 

Example 115: 5-Chloro-4- [ ( 4-chlorophenylthio ) -(2,5- 
dif luorophenyl) methyl] -2- (4' -hydroxypiperidin-1 ' - 
yl ) pyridine 
[0720] 

[Chemical formula 158] 




[0721] 

A 1,4-dioxane (1.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridine 
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(60 mg, 0.14 mmol) obtained in Example 54 and 4- 
hydroxypiperidine (200 mg) was stirred at 100°C for 1 day 
under a nitrogen atmosphere. After cooling to room tem- 
perature, the reaction mixture was diluted with diethyl 
ether (50 ml) . The diluted mixture was washed with water 
and brine, dried and then concentrated under reduced pres- 
sure. The residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=3:l) to give the title 
compound (30 mg, 43%) as an oil. 
[0722] 

^-NMR (4 00MHz, CDC1 3 ) 5: 1 . 62 (2H,m) , 2 . 05 (2H,m) , 3 .30 (2H,m) , 
3 . 98 (3H,m) , 5. 97 (1H, s) , 6.9 6-7 . 12 (3H,m) , 7 .23 (4H,m) , 
7.26(lH,s) , 8.10(lH,s) . 
MSm/z: 481 (M + +H) . 
[0723] 

Example 116: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] -2- (4' -hydroxypiperidin-1 9 - 
yl) pyridine 
[0724] 

[Chemical formula 159] 
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[0725] 

Hexa ammonium heptamolybdate tetrahydrate (30 mg) was 
added to a methanol (6 ml) solution of 5-chloro-4- [ ( 4- 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] -2- (4' - 
hydroxypiperidin-1' -yl) pyridine (29 mg, 0.06 mmol) , fol- 
lowed by the further addition of 30% aqueous hydrogen per- 
oxide (3 ml) . The resulting mixture was stirred for 17 
hours. The reaction mixture was diluted with ethyl acetate 

(60 ml) . The, diluted mixture was washed with water and 
brine, and concentrated under reduced pressure. The resi- 
due thus obtained was purified by silica gel chromatography 

(hexane : ethyl acetate=2 : 1 ) , followed by crystallization 
from ether to give the title compound (17 mg, 55%) as a 
solid. 

[0726] 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 1 . 64 (2H,m) , 2 . 02 (2H,m) , 3.33 (2H,m) , 
3. 98 (lH,m) , 4 . 08 (2H,m) , 6. 11 (1H, s) , 6. 92 (lH,m) , 7 . 02 (lH,m) , 
7.42 (2H,d, J=8 . 8Hz) , 7 .45 (lH,m) , 7 .53 (1H, s) , 
7.58 (2H,d, J=8.8Hz) , 8.05(lH,s) . 
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mp: 146 to 148°C. 

FAB-MS: 513.0588 (Calcd for Cas^iClzFzNzOaS : 513.0618). 
[0727] 

Example 117: 3, 6-Dichloro-2- [ (4- 

chlorophenylsulf onyl ) (pyridin-4-yl ) methyl ] pyridine 
[0728] 

[Chemical formula 160] 




CI 

[0729] To a methylene chloride (10 ml) solution of the 

(3, 6-dichloropyridin-2-yl) (pyridin-4-yl ) methanol (161 mg, 
0,631 mmol) obtained in Referential Example 25 were added 
triethylamine (208 1.89 mmol) and thionyl chloride (138 

Ul, 1.89 mmol). The resulting mixture was stirred at room 
temperature for 4 hours, followed by concentration under 
reduced pressure. To the residue thus obtained was added 
ethyl acetate. The resulting mixture was washed sequen- 
tially with a saturated aqueous solution of sodium bicar- 
bonate and brine, dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was dissolved in ace- 
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tonitrile (10 ml) . To the resulting solution were added 4- 
chlorobenzenethiol (137 mg, 0.947 mmol) and potassium car- 
bonate (131 mg, 0.947 mmol). Under a nitrogen atmosphere, 
the resulting mixture was stirred at room temperature for 2 

days and then, stirred at 60°C for 4 hours. After cooling 
to room temperature, the reaction mixture was concentrated 
under reduced pressure. To the residue was added ethyl 
acetate. The resulting mixture was washed sequentially 
with water and brine, dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
chromatography. The fraction obtained from the 40% ethyl 
acetate/hexane eluate was concentrated under reduced pres- 
sure. The residue thus obtained was dissolved in methanol 
(10 ml). To the resulting solution were added 30% aqueous 
hydrogen peroxide (3 ml) and hexaammonium heptamolybdate 
tetrahydrate (73 mg) . After the resulting mixture was 
stirred at room temperature for 5 hours, methanol was dis- 
tilled off under reduced pressure. To the solution thus 
obtained was added a saturated aqueous solution of sodium 
bicarbonate, followed by extraction with methylene chlo- 
ride. The organic layer was dried over anhydrous sodium 
sulfate and filtered. The filtrate was" concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash chromatography. The fraction obtained from the 
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methanol : methylene chloride=l : 80 eluate was concentrated 
under reduced pressure to give the title compound (49 mg, 
0.118 mmol,19%) as a white solid. 
[0730] 

1 H-NMR (400MHz, CDCI3) 5 : 6.08(lH,s), 7 . 3 1 ( 1H, d, J=8 . 3Hz ) , 
7.41 (2H,d, J=8.8Hz) , 7 . 4 5 ( 2H, d, J=6 . 0Hz ) , 7 . 51 (2H, d, J=8 . 8Hz ) , 
7.69(lH,d, J=8.3Hz) , 8.58 ( 2H, d, J=6 . 0Hz ) . 
MS (m/z) : 413, 415 (M + +H) . 
[0731] 

Example 118: 2- [1- ( 4-Chlorophenylsulf onyl ) -1- (2,5- 
dif luorophenyl ) ethyl] -5-methylpyridine 
[0732] 

[Chemical formula 161] 




CI 

[0733] 

An N, N-dimethylf oritiamide (5 ml) solution of the 2- 
t [ (4-chlorophenyl) sulfonyl] (2, 5-dif luorophenyl ) methyl ] -5- 
methylpyridine (52 mg, 0.132 mmol) obtained in Example 15 
was added dropwise to an N, N-dimethylf ormamide (5 ml) sus- 
pension of sodium hydride (60% in oil) (30 mg, 0.75 mmol) 
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under ice cooling. After the reaction mixture was stirred 
for 15 minutes under ice cooling, methyl iodide (12 pi, 
0.198 mmol) was added thereto. After stirring at room tem- 
perature for 1 hour, water was added to the reaction mix- 
ture under ice cooling. The resulting mixture was concen- 
trated under reduced pressure. To the residue was added 
water and the resulting mixture was extracted with ethyl 
acetate. The organic layer was washed with brine, dried 
over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=8 : 1 
eluate was concentrated under reduced pressure. The resi- 
due thus obtained was solidified with hexane and collected 
by filtration to give the title compound (50 mg, 0.122 
mmol, 93%) as a white powder. 
[0734] 

"""H-ISIMR (4 00MHz, CDCI3) 5: 2.14 (3H, s) , 2. 33 (3H, s) , 6.8 0- 
7.10 (2H,m) , 7.23-7.34 (4H,m) , 7 .39-7.51 (2H,m) , 7.8 8- 
8.00(lH,m) , 8.15(lH,s) . 
MS (m/z) : 408 (M + +H) . 
[0735] 

Example 119: 3, 6-Dichloro-2- [ ( 6-chloropyridin-3- 

ylthio) (pyridin- 4 -yl) methyl ] pyridine 

[0736] 
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[Chemical formula 162 ] 




[0737] 

To an ethanol (7 ml) solution of the O-ethyl S-(6- 
chloro-3-pyridyl) dithiocarbonate (164 mg, 0.70 mmol) ob- 
tained in Referential Example 2 6 was added a IN aqueous so- 
dium hydroxide solution (7 ml) . The resulting mixture was 
stirred at 8 0°C for 3 hours. After the reaction mixture 
was cooled to room temperature, IN hydrochloric acid was 
added thereto. The resulting mixture was extracted with 
dichloromethane . The organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure to give 6-chloro-3- 
pyridinethiol as a yellow solid. 

To a dichloromethane (3 ml) solution of the (3,6- 
dichloropyridin-2-yl) (pyridin-4-yl ) methanol (153 mg, 0.60 
mmol) obtained in Referential Example 25 were added 
triethylamine (0.167 ml, 1.20 mmol) and methanesulf onyl 
chloride (0.070 ml, 0.90 mmol) sequentially at 0°C. The 
resulting mixture was stirred at room temperature for 2 
hours. After the reaction mixture was washed with a satu- 
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rated aqueous solution of sodium bicarbonate, the organic 
layer was dried over anhydrous sodium sulfate, and fil- 
tered. The filtrate was concentrated under reduced pres- 
sure. To an N, N-dimethylf ormamide (3 ml) solution of the 
residue thus obtained were added an N, N-dimethylf ormamide 
(2 ml) solution of 6-chloro-3-pyridinethiol and then, po- 
tassium carbonate (100 mg, 0.72 ramol) . The resulting mix- 
ture was stirred at room temperature for 18 hours. To the 
reaction mixture was added ethyl acetate. The resulting 
mixture was washed with a saturated aqueous solution of so- 
dium bicarbonate. The organic layer was dried over anhy- 
drous sodium. sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane : ethyl acetate=7 : 3 
eluate was concentrated under reduced pressure to give the 
title compound (83 mg, 0.22 mmol, 36%) as a yellow oil. 
[0738] 

1 H-NMR (4 00MHz, CDCI3) 5: 5. 69 (1H, s) , 7 .20 (lH,d, J=8.3Hz) , 
7.24 (lH,d, J=8.3Hz) , 7 . 35 ( 2H, d, J=6 . 1Hz ) , 
7 .52 (lH,dd, J=8 .3, 2 . 4Hz) , 7 . 62 (lH,d, J=8 . 3Hz) , 
8.32 (lH,d, J=2.4Hz) , 8 . 55 ( 2H, d, J=6 . 1Hz ) . 
MSm/z: 382 (M + +H) . 
[0739] 

Example 120: 3, 6-Dichloro-2- [ ( 6-chloropyridin-3- 
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ylsulfonyl) (pyridin-4-yl ) methyl ] pyridine (Compound A) and 
3, 6-dichloro-2- [ ( 6-chloropyridin-3-ylsulf inyl ) (pyridin-4- 
yl) methyl] pyridine (Compound B (Isomer A) and Compound B 

(Isomer B) ) 

[0740] 

[Chemical formula 163] 




Compound A Compound B 

[0741] 

To a methanol (4 ml) solution of 3, 6-dichloro-2- [ ( 6- 
chloropyridin-3-ylthio) (pyridin-4-yl) methyl] pyridine (82 
mg, 0.24 mmol) were added 31% aqueous hydrogen peroxide (2 
ml) and hexaammonium heptamolybdate tetrahydrate (30 mg) . 
The resulting mixture was stirred at room temperature for 2 
hours. To the reaction mixture was added ethyl acetate. 
The resulting mixture was washed with a saturated aqueous 
solution of sodium bicarbonate. The organic layer was 
dried over anhydrous sodium sulfate and filtered. The fil- 
trate was concentrated under reduced pressure. The residue 
thus obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the hex- 



268 



ane: ethyl acetate=3:2 eluate was concentrated under reduced 
pressure to give the title Compound A (41 mg, 0.098 mmol, 
4 6%), while the fraction obtained from the hexane : ethyl 
acetate=l:l eluate was concentrated under reduced pressure 
to give the title Compound B (Isomer A) (low polarity) (8 
mg, 9%) and the title Compound B (Isomer B) (high polarity) 

(8 mg, 9%), each as a white solid. 

[0742] 
Compound A 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.11(lH,s), 7 . 35 ( 1H, d, J=8 . 3Hz ) , 
7.36(2H,d, J=6.1Hz) , 7 . 40 (1H, d, J=8 . 3Hz) , 7 . 73 ( 1H, d, J=8 . 3Hz ) , 
7.7 8 (lH,dd, J=8.3,2.4Hz) , 8.4 8 ( 1H, d, J=2 . 4Hz ) , 
8.61 (2H,d, J=6.1Hz) . 
MSm/z: 414 (M + +H) . 
[0743] 

Compound B (Isomer A) 

1 H-NMR (400MHz, CDCI3) 5 : 5.54 (lH,s), 6 . 99 (2H, d, J=6 . 1Hz ) , 
7.27 (lH,d, J=8.3Hz) , 7.37 ( 1H, d, J=8 . 3Hz ) , 
7.55 (lH,dd, J=8.3,2.2Hz) , 7.7 3 ( 1H, d, J=8 . 3Hz ) , 
8.47 (lH,d, J=2.2Hz) , 8.51 ( 2H, d, J=6 . 1Hz ) . 
MSm/z: 398 (M + +H) . 
[0744] Compound B (Isomer B) 

1 H-NMR (400MHz, CDCI3) 5 : 5.40(lH,s), 7 . 26 ( 1H, d, J=8 . 5Hz ) , 

7.42 (lH,d, J=8.3Hz) , 7 . 53 ( 2H, d, J=6 . 1Hz ) , 7 . 57 ( 1H, d, J=8 . 5Hz ) , 

7.96(lH,dd, J=8.3,2.4Hz) , 8.34 ( 1H, d, J=2 . 4Hz) , 
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8.68 (2H,d, J=6.1Hz) . 
MSm/z: 398 (M + +H) . 
[0745] 

Example 121: 2- [ [ (3-Chloropyridin-4-yl) (2,5- 
dif luorophenyl) methyl ] sulf onyl] pyrimidine 
[0746] 

[Chemical formula 1] 



To a dichloromethane (4 ml) solution of the 3-chloro- 
4- [ (2, 5-dif luorophenyl) -hydroxymethyl ] pyridine (102 mg, 
0.40 mmol) obtained in Referential Example 23 were added 
triethylamine (0.112 ml, 0.80 mmol) and methanesulf onyl 
chloride (0.046 ml, 0.60 mmol) sequentially at 0°C. The 
resulting mixture was stirred at room temperature for 17 
hours. The reaction mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
filtrate was then concentrated under reduced pressure. 

To an N, N-dimethylf ormamide (4 ml) solution of the 
resulting residue were added 2-pyrimidinethiol (45 mg, 0.40 




[0747] 
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mmol) and then, potassium carbonate (83 mg, 0.60 mmol) . 
The resulting mixture was stirred at room temperature for 
23 hours. To the reaction mixture was added ethyl acetate. 
The resulting mixture was washed with water. The organic 
layer was dried over anhydrous sodium sulfate and filtered. 
The filtrate was concentrated under reduced pressure. To a 
dichloromethane (4 ml) solution of the resulting residue 
was added 3-chloroperbenzoic acid (purity: 65% or greater) 

(212 mg, 0.80 mmol) at 0°C . The resulting mixture was 
stirred at room temperature for 3 hours. After the reac- 
tion mixture was washed with a IN aqueous solution of so- 
dium hydroxide, the organic layer was dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the hexane: ethyl acetate=2:3 eluate was con- 
centrated under reduced pressure to give the title compound 

(19 mg, 0.049 mmol, 12%) as a colorless foamy substance. 

[0748] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.26(lH,s) , 6 . 93-7 . 1 3 ( 3H, m) , 7.50- 
7.56 (lH,m) , 8.01-8.08 (lH,m) , 8.13 ( 1H, d, J=5 . 1Hz ) , 
8.48 (lH,d, J=2.2Hz) , 8.60(lH,s) , 8 . 66 ( 1H, d, J=5 . 1Hz ) . 
MSm/z: 382 (M + +H) . 
[0749] 

Example 122: 6- ( 4-Chlorophenylthio) (2,5- 
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dif luorophenyl ) methyl-5-f luoronicotinamide 



[0750] 

[Chemical formula 2] 




[0751] 

To a dichloromethane (4 ml) solution of the 6-(2,5- 
dif luorophenyl) hydroxymethyl- 5- f luoronicotinamide (114 mg, 
0.40 mitiol) obtained in Referential Example 31 were added 
triethylamine (0.113 ml, 0.81 mmol) and methanesulf onyl 

chloride (0.047 ml, 0.61 mmol) sequentially at 0°C . The 
resulting mixture was stirred at room temperature for 2 
hours. The reaction mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. 

To an N, N-dimethylf ormamide (6 ml) solution of the 
residue thus obtained were added 4-chlorobenzenethiol (70 
mg, 0.49 mmol) and then, potassium carbonate (67 mg, 0.49 
mmol) . The resulting mixture was stirred at room tempera- 
ture for 15 hours. To the reaction mixture was. added ethyl 
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acetate. The resulting mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=l:l eluate was concentrated under reduced 
pressure to give the title compound (120 mg, 0.29 mmol, 
73%) as a yellow solid. 
[0752] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.14 (lH,s) , 6 . 8 8-6 . 96 (2H, m) , 
7.21 (2H,d, J=8.5Hz) , 7.2 8 ( 2H, d, J=8 . 5Hz ) , 7.58-7.74 (lH,m) , 
7.85 (lH,dd,J=9. 4, 1.6Hz) , 8.80 (lH,s) . 
MSm/z : 409 (M + +H) . 
[0753] 

Example 123: 6- ( 4-Chlorophenylsulf onyl ) (2,5- 

dif luorophenyl) methyl-5-f luoronicotinamide (Compound A) and 
6- (4-chlorophenylsulf inyl) (2, 5-dif luorophenyl ) methyl- 5- 
f luoronicotinamide (Compound B) 
[0754] 

[Chemical formula 3 ] 




NH 2 




CI 



CI 



Compound A 



Compound B 



[0755] 



To a methanol (3 ml) solution of 6- (4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl-5- 
f luoronicotinamide (120 mg, 0.29 mmol) were added 30% aque- 
ous hydrogen peroxide (2 ml) and hexaammonium heptamolyb- 
date tetrahydrate (73 mg) . The resulting mixture was 
stirred at room temperature for 3 hours. To the reaction 
mixture was added dichloromethane . The resulting mixture 
was washed with a saturated aqueous solution of sodium bi- 
carbonate. The organic layer was dried over anhydrous so- 
dium sulfate and filtered. The filtrate was concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=l : 1 eluate 
was concentrated under reduced pressure to give the title 
Compound A (33 mg, 0.075 mmol, 25%) as a white solid. The 
fraction obtained from the hexane: ethyl acetate=l:3 eluate 
was concentrated under reduced pressure to give the title 
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Compound B (39 mg, 0.092 mmol, 31%) as a white solid. 
[0756] 
Compound A 

1 H-NMR ( 400MHz , CDCI3) 5 : 6.37 (lH,s), 6 . 90-6 . 97 (1H, m) , 7.01- 
7.08(lH,m), 7.43(2H,d, J=8.5Hz) , 7 . 58 (2H, d, J=8 . 5Hz) , 
7. 94 (lH,dd, J=9.2, 1 .8Hz) , 8 . 17-8 . 22 ( 1H, m) , 8.91(lH,s). 

mp: 222 to 224°C. 
MSm/z: 441 (M + +H) . 
[0757] Compound B 

1 H-NMR ( 400MHz, CD3OD) 5 : 5.86(lH,s), 6 . 94-7 . 02 ( 1H, m) , 7.06- 
7.14(lH,m), 7.44 (2H,d, J=8.8Hz) , 7 . 48 (2H, d, J=8 . 8Hz) , 7.66- 
7.71(lH,m), 8.07 (lH,dd,J=9. 8,1. 7Hz) , 9.09(lH,s). 
mp: 171 to 173°C. 

Elemental Analysis for Ci 9 Hi2ClF 3 N20 2 S : Calculated: C, 53.72; t 
H, 2.85; CI, 8.35; F, 13.42; N, 6.59; S,7.55. Found: C, 53.44 ; 
H,2.96; CI, 8.37; F,13.34; N,6.66; S,7.54. 
[0758] 

Example 124: [ 6- ( 4-Chlorophenylthio) (2,5- 

dif luorophenyl) methyl-5-f luoropyridin-3-yl ] methanol 

[0759] 

[Chemical formula 4] 
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[0760] 

To a dichloromethane (180 ml) solution of the [5-(t- 
butyldiphenylsilyloxymethyl) -3-f luoropyridin-2-yl ] (2, 5- 
dif luorophenyl) methanol (17.0 g, 33.5 mmol) obtained in 
Referential Example 29 were added triethylamine (7.00 ml/ 
50.2 mmol) and methanesulf onyl chloride (3.11 ml, 40.2 
mmol) at room temperature. The resulting mixture was 
stirred for 2 hours. The reaction mixture was washed with 
a saturated aqueous solution of sodium bicarbonate. The 
organic layer was then dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure . 

To an N, N-dimethylf ormamide (300 ml) solution of the 
residue thus obtained were added 4-chlorobenzenethiol (5.33 
g, 36.8 mmol) and potassium carbonate (5.55 g, 40.2 mmol) 
sequentially. The resulting mixture was stirred at room 
temperature for 18 hours. To the reaction mixture was 
added ethyl acetate. The resulting mixture was washed with 
a saturated aqueous solution of sodium bicarbonate. The 
organic layer was dried over anhydrous sodium sulfate and 
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filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=30:l eluate was concentrated under re- 
duced pressure. 

To a tetrahydrofuran (200 ml) solution of the residue 
thus obtained was added a tetrahydrofuran solution (42.3 
ml, 42.3 mmol) of tetrabutylammonium fluoride. The result- 
ing mixture was stirred at room temperature for 4 hours. 
The reaction mixture was concentrated under reduced pres- 
sure and the residue thus obtained was dissolved in ethyl 
acetate. The resulting solution was washed with a satu- 
rated aqueous solution of sodium bicarbonate. The organic 
layer was dried over anhydrous sodium sulfate, and fil- 
tered. The filtrate was then concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=3:l eluate was concentrated under re- 
duced pressure to give the title compound (9.80 g, 24.8 
mmol, 74%) as a colorless oil. 
[0761] 

^-NMR ( 4 00MHz, CDC1 3 ) 5: 4.7 6 (2H,s) , 6.13(lH,s) , 6.84- 
6. 96 (2H,m) , 7 .20 (2H, d, J=8.7Hz) , 7.27 (2H,d, J=8 .7Hz) , 
7 . 43 (lH,d, J=9. 8Hz) , 7 . 57-7. 64 (lH,m) , 8 . 43 (1H, s) . 
[0762] 



Example 125: [6- ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl- 5- f luoropyridin-3-yl ] methanol 
[0763] 

[Chemical formula 5] 




[0764] To a methanol (200 ml) solution of [6- (4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl-5- 
fluoropyridin-3-yl] methanol (9.80 g, 24.8 mmol) were added 
30% aqueous hydrogen peroxide (14.0 ml) and hexaammonium 
heptamolybdate tetrahydrate (612 mg) . The resulting mix- 
ture was stirred at room temperature for 18 hours. To the 
reaction mixture was added 3 0% aqueous hydrogen peroxide 
(14.0 ml). The resulting mixture was stirred at room tem- 
perature for 3 days. To the reaction mixture was added 30% 
aqueous hydrogen peroxide (14.0 ml) further. The resulting 
mixture was stirred at 50°C for 5 hours. To the reaction 
mixture was added water and the solid thus precipitated was 
collected by filtration. The resulting solid was washed 
with water and dried under reduced pressure. The solid was 
dissolved in ethyl acetate. The resulting solution was 
washed with a saturated aqueous solution of sodium bicar- 
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bonate. The organic layer was dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue was recrystallized from 
ethanol to give the title compound (6.41 g, 15.0 mmol, 61%) 
as a white solid. After the base liquid was concentrated 
under reduced pressure, the residue was recrystallized from 
ethanol to give the title compound (2.14 g, 5.00 mmol, 20%) 
as a white solid. After the base liquid was concentrated 
under reduced pressure further, the residue was washed with 
diethyl ether and collected by filtration to give the title 
compound (780 mg, 1.82 mmol, 7%) as a white solid. 
[0765] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 1 . 90 (1H, t, J=5. 6Hz) , 
4.8 0 (2H, d, J=5. 6Hz) , 6.32 (1H, s) , 6.89-6.97 (lH,m) , 6.99- 
7 . 06 (lH,m) , 7. 41 (2H,d, J=8 . 8Hz) , 7 . 49 (1H, d, J=9. 8Hz) , 
7.57 (2H,d, J=8.8Hz) , 8 . 18-8 . 24 ( 1H, m) , 8.52 (1H,S)\ 

mp: 181 to 183°C. 
MSm/z: 428 (M + +H) . 
[0766] 

Example 12 6: [6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -5-f luoropyridin-3-yl] carbaldehyde 
[0767] 

[Chemical formula 6] 
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[0768] 

To a dichloromethane (100 ml) solution of [6- (4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl- 5- 
fluoropyridin-3-yl] methanol (8.46 g, 19.8 mmol), triethyl- 
amine (13.8 ml, 98.9 mmol) and dimethylsulf oxide (7.02 ml, 
98.9 ml) was added sulfur trioxide pyridine complex (9.44 
g, 59.3 mmol) at room temperature. The resulting mixture 
was stirred for 16 hours. After the reaction mixture was 
washed with brine, the organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The' residue was sub- 
jected to flash silica gel chromatography. The fraction 
obtained from the dichloromethane eluate was concentrated 
under reduced pressure. The residue thus obtained was 
washed with diethyl ether and collected by filtration to 
give the title compound (6.33 g, 14.9 mmol, 75%) as a yel- 
low solid. 
[0769] 

1 H-NMR (4 00MHz, CDCI3) 5: 6.40 (1H, s) , 6. 91-6. 98 (lH,m) , 7 . 02- 
7 .09 (lH,m) , 7 .43 (2H, d, J=8 . 6Hz) , 7 .59 (2H, d, J=8 . 6Hz) , 
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7.89(lH,dd, J=8.6, 1.7Hz) , 8 . 17-8 .23 (lH,m) , 9.02(lH,s), 

10.15 (lH,d, J=2.2Hz) . 

[0770] 

Example 127: 6- ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl-5-f luoronicotinic acid 
[0771] 

[Chemical formula 7] 




[0772] 

To a formic acid (30 ml) solution of [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] -5- 
f luoropyridin-3-yl] carbaldehyde (1.28 g, 3.00 mmol) was 
added 30% aqueous hydrogen peroxide (1.02 ml, 9.00ml) at 
room temperature. The resulting mixture was stirred at 
room temperature for 1 hour. The reaction mixture was 
stirred further at 50°C for 1 hour. After cooling to room 
temperature, water was added thereto. The solid thus pre- 
cipitated was collected by filtration, washed with water, 
and dried under reduced pressure. The solid thus obtained 
was dissolved in ethyl acetate. The resulting solution was 
washed with a saturated aqueous solution of ammonium chlo- 
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ride. The organic layer was dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue was washed with ethanol and 
collected by filtration to give the title compound (1.19 g 
2.69 mmol, 89%) as a white solid. 

1 H-NMR(4 00MHz / DMSO-d 6 ) 5: 6.37 (1H, s) , 7 .27-7 . 42 (2H,m) , 
7.64 (2H,d, J=8.8Hz) , 7.67 (2H, d, J=8 . 8Hz ) , 8 . 01-8 . 07 ( 1H, m) , 
8 .17 (1H, dd, J=9. 6, 1 .7Hz) , 9. 04 (1H, s) . 
mp: 249 to 251°C. 

Elemental Analysis for C19H11CIF3NO4S : Calculated: C, 51.65; 
H,2.51; CI, 8.02; F, 12.90; N,3.17; S,7.26. Found: C, 51.70; 
H,2.73; CI, 1. 96; F, 12.81; N,3.36; S,7.39. 
[0774] 

Example 128: 6- ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl-5-f luoro-N-thiazol-2-ylnicotinamide 
[0775] 

[Chemical formula 8] 




[0776] 

To a dichloromethane (2 ml) solution were added 6- (4 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl-5- 
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f luoronicotinic acid (100 nig, 0.23 mmol) were added thia- 
zol-2-ylamine (25 mg,0.25 mmol), benzotriazol-l-ol (34 mg, 
0.25 mmol), 4-methylmorpholine (0.027ml, 0.25 mmol) and 1- 
ethyl-3- (3-dimethylaminopropyl) carbodiimide hydrochloride 
(48 mg, 0.25 mmol) „at room temperature. The resulting mix- 
ture was stirred at room temperature for 14 hours. To the 
reaction mixture was added ethyl acetate. The resulting 
mixture was washed with a saturated aqueous solution of so- 
dium bicarbonate. The organic layer was dried over anhy- 
drous sodium sulfate and filtered. The filtrate was con- 
centrated under reduced pressure. The residue thus ob- 
tained was subjected to flash silica gel chromatography. 
The fraction obtained from the hexane : ethyl acetate=3 : 1 
eluate was concentrated under reduced pressure.* The resi- 
due was washed with ethanol and collected by filtration to 
give the title compound (72 mg, 0.14 mmol, 60%) as a white 
solid. 
[0777] 

X H-NMR (4 00MHz, DMSO-de) 5: 6.38 (1H, s) , 7 .24-7. 42 (2H,m) , 

7.60 (lH,d, J=3.7Hz) , 7 . 65 (2H, d, J=9 . 1Hz) , 7 . 68 ( 2H, d, J=9 . 1Hz ) , 

8 . 03-8 . 10 (lH,m) , 8 . 38 (1H, d, J=9. 6Hz) , 9.17 (1H, s) , 

13.00 (1H, s) . 

mp: 243 to 245°C. 

Elemental Analysis for Calcd for C22H13CIF3N3O3S2 : Calcu- 
lated: C, 50.43; H,2.50; CI, 6.77; F, 10.88; N,8.02; S, 12.24. 
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Found: C, 50.34; H,2.48; Cl,6.93; F, 10.82; N,8.11; S, 12.29. 
[0778] 

Example 129: 6- (4-Chlorophenylsulfonyl) (2,5- 
difluorophenyl) methyl- 5- f luoro-N-isoxazol-3-ylnicotinaitiide 
[0779] 

[Chemical formula 9] 




[0780] 

In a similar manner to Example 128, the title com- 
pound (43 mg, 0.085 mmol, 37%) as a white solid by using 
the 6- (4-chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl-5 
f luoronicotinic acid (100 mg, 0.23 mmol) obtained in Exam- 
ple 127 and isoxazol-3-ylamine (0.018 ml, 0.25 mmol). 
[0781] 

1 H-NMR ( 4 00MHz, CDCI3) 5 : 6.41(lH,s), 6 . 92-7 . 00 ( 1H, m) , 7.03- 
7.11(lH,m), 7.25(lH,d, J=1.7Hz) , 7 . 44 (2H, d, J=8 . 6Hz) , 
7.60(2H,d, J=8.6Hz) , 8 . 05 ( 1H, dd, J=9 . 1, 2 . 0Hz) , 8.20- 
8.26(lH,m), 8.40 (lH,d, J=1.7Hz) , 9 . 14 ( 1H, d, J=l . 5Hz ) , 
10.25 (1H, s) . 
mp: 200 to 202°C. 

Elemental Analysis for Calcd for C22H13CIF3N3O4S : Calculated 
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C, 52.03; H,2.58; CI, 6.98; F, 11.22; N,8.27; S,6.31. Found: 
C51.84; H,2.55; CI, 7.36; F, 11.19; N,8.36; S,6.46. 

[0782] Example 130: 6- ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl-5-f luoro-N-pyridin-2~ 
ylmethylnicotinamide 

[0783] 

[Chemical formula 10] 




[0784] In a similar manner to Example 128, the title compo 
und (86 mg, 0.16 mmol, 72%) as a colorless amorphous substan 
ce by using the 6- ( 4-chlorophenylsulf onyl ) (2, 5-dif luorophen 
yl)methyl-5-f luoronicotinic acid (100 mg, 0.23 mmol) obtaine 
d in Example 127 and pyridin-2-ylmethylamine (0.026 ml, 0.25 

mmol) . 

[0785] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4 . 77 (2H, d, J=4 . 4Hz) , 6.37(lH,s), 6.91- 
7.09(2H,m), 7 . 25-7 . 34 (2H, m) , 7 . 43 (2H, d, J=8 . 8Hz) , 7.58(2H,d, 
J=8.8Hz), 7.72(lH,td, J=7 . 6, 1 . 7Hz ) , 7.94(lH,s), 7.96(lH,dd,J 
= 9. 3, 2.0Hz), 8.19-8.25(lH,m) , 8 . 59 ( 1H, d, J=4 . 4Hz ) , 9.03(lH,s 
) . 

Elemental Analysis for Calcd for C25H17CIF3N3O3S : Calculated: 
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C, 56,45; H,3.22; CI, 6. 66; F, 10.71; N,7.90; S,6.03. Found: 
C,56.32; H,3.30; CI, 6.63; F,10.61; N,7.88; S,6.14. 
[0786] 

Example 131: Methyl (E) -3- [ 6- ( 4-chlorophenylsulf onyl ) (2,5-d 

if luorophenyl) methyl-5-f luoropyridin-3-yl] acrylate 

[0787] 

[Chemical formula 11] 




[0788] 

To a tetrahydrofuran (15 ml) solution of the [6-[(4-ch 
lorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] -5-f luoropyri 
din-3-yl] carbaldehyde (1.70 g, 4.00 mmol) obtained in Exampl 
e 126 was added methyl (triphenylphosphoranylidene) acetate ( 
1.47 g, 4.40 mmol) at room temperature. The resulting mixtu 
re was stirred at room temperature for 18 hours. The reacti 
on mixture was concentrated under reduced pressure. The res 
idue thus obtained was subjected to flash silica gel chromat 
ography. The fraction obtained from the dichloromethane elu 
ate was concentrated under reduced pressure. The residue th 
us obtained was washed with a mixed solvent of ethanol and h 
exane and then, collected by filtration to give the title co 
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mpound (1.60 g, 3.31 mmol, 83%) as a white solid. 
[0789] 

1 H-NMR (4 00MHz, CDCI3) 5: 3.84(3H,s), 6.33(lH,s), 6 . 53 ( 1H, d, J=l 
6.7Hz), 6.89-6.97 (lH,m) , 6 . 99-7 . 08 ( 1H, m) , 7 . 42 ( 2H, d, J=8 . 3Hz 
), 7.55(lH,d, J=9.6,1.5Hz) , 7 . 58 ( 2H, d, J=8 . 3Hz ) , 7.65(lH,d,J= 
16.7Hz), 8.18-8.24 (lH,m) , 8.67(lH,s). 
MSm/z : 482 (M + +H) . 
[0790] 

Example 132: Methyl 3- [ 6- ( 4-chlorophenylsulf onyl) (2,5-diflu 
orophenyl) methyl-5-f luoropyridin-3-yl] propionate 
[0791] 

[Chemical formula 12] 



A Raney nickel suspension ("R-100", product of Nikko R 
ica Corporation) (1 ml) was washed sequentially with water a 
nd ethanol to give an ethanol (10 ml) suspension. The resul 
ting suspension was added to an ethanol (40 ml) solution of 
methyl 3- [ 6- (4-chlorophenylsulf onyl) (2 , 5-dif luorophenyl ) met 
hyl-5-f luoropyridin-3-yl] acrylate (1.38 g, 2.86 mmol). Unde 
r a hydrogen atmosphere, the resulting mixture was stirred a 




[0792] 
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t room temperature for 1 hour. The reaction mixture was fil 
tered through Celite and the filtrate was concentrated under 

reduced pressure. The residue thus obtained was dissolved 
in dichloromethane . The resulting solution was dried over a 
nhydrous sodium sulfate and filtered. The filtrate was cone 
entrated under reduced pressure to give the title compound ( 
1.37 g, 2.83 mmol, 99%) as a white solid. 

[0793] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 66 (2H, t, J=7 . 4Hz) , 3 . 00 (2H, t , J=7 . 4Hz 
), 3.69(3H,s), 6.29(lH,s), 6 . 8 8- 6 . 96 ( 1H, m) , 6 . 98-7 . 06 ( 1H, m) 
, 7.29(lH,dd,J-10.1,1.5Hz), 7 . 4 0 ( 2H, d, J=8 . 3Hz ) , 7.56(2H,d,J 
=8. 3Hz), 8.20-8.26 (lH,m) , 8.42(lH,s). 
MSm/z: 484 (M + +H) . 
[0794] 

Example 133: 3- [6- ( 4-Chlorophenylsulf onyl ) (2, 5-dif luorophen 

yl ) methyl-5-f luoropyridin-3-yl ] propionic acid 

[0795] 

[Chemical formula 13] 




[0796] 

To an ethanol (8 ml) solution of methyl 3- [ 6- ( 4-chloro 
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phenylsulfonyl) (2, 5-dif luorophenyl ) methyl-5-f luoropyridin- 
3-yl] propionate (387 mg, 0.80 mmol) was added a IN aqueous s 
odium hydroxide solution (4 ml) . The resulting mixture was 
stirred at room temperature for 3 hours. The reaction mixtu 
re was acidified with IN hydrochloric acid, followed by extr 
action with dichloromethane . The organic layer was dried ov 
er anhydrous sodium sulfate and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus obtai 
ned was washed with a mixed solvent of diethyl ether and hex 
ane and then collected by filtration to give the title compo 
und (349 mg, 0.74 mmol, 93%) as a white solid. 
[0797] 

^-NMR (4 00MHz, CDC1 3 ) 5: 2.73 (2H, t, J=7 . 4Hz) , 3.01 ( 2H, t , J=7 . 4Hz 
)., 6.29(lH,s), 6.89-6.96 (lH,m) , 6 . 99-7 . 0 6 ( 1H, m) , 7.30(lH,dd 
, J=9.8,1.7Hz) , 7.40(2H,d, J=8.6Hz) , 7 . 56 ( 2H, d, J=8 . 6Hz ) , 8.1 
9-8.26 (lH,m) , 8.44(lH,s). 

mp: 174 to 176°C. 
MSm/z: 470 (M + +H) . 

Elemental Analysis for C2iHi 5 ClF 3 N0 4 S : Calculated: C, 5-3. 68; H, 
3.22; CI, 7.55; F, 12.13; N,2.98; S,6.82. Found: C, 53.68; H, 3 
.35; CI, 7.42; F, 12 . 09; N, 3 . 16; S,6.92. 
[0798] 

Example 134: 3- [ 6- ( 4-Chlorophenylsulf onyl ) (2, 5-dif luorophen 
yl)methyl-5-f luoropyridin-3-yl ] -1- ( 4-methylpiperazin-l-yl ) p 
ropan-l-one hydrochloride 
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[0799] 
[Chemical 



formula 14] 




[0800] 

To a dichloromethane (3 ml) solution of 3- [ 6- ( 4-chloro 
phenylsulfonyl) (2, 5-dif luorophenyl) methyl-5-f luoropyridin- 
3-yl] propionic acid (100 mg, .0.21 mmol) were added 1-methylp 
iperazine (0.026 ml, 0.23 mmol), benzotriazol-l-ol (32 mg, 0 
.23 mmol), 4-methylmorpholine (0.026 ml, 0.23 mmol) and 1-et 
hyl-3- (3-dimethylaminopropyl) carbodiimide hydrochloride (45 

mg, 0.23 mmol) at room temperature. The resulting mixture 
was stirred at room temperature for 16 hours. After the rea 
ction mixture was washed with a saturated aqueous solution o 
f sodium bicarbonate, the organic layer was dried over anhyd 
rous sodium sulfate and filtered. The filtrate was concentr 
ated under reduced pressure. The residue thus obtained was 
subjected to flash silica gel chromatography. The fraction 
obtained from the dichloromethane :methanol=19 : 1 eluate was c 
oncentrated under reduced pressure. The residue was dissolv 
ed in ethanol (3 ml) , followed by the addition of IN hydroch 
loric acid (0.224 ml) . After stirring at room temperature f 
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or 30 minutes, the reaction mixture was concentrated under r 
educed pressure. The residue thus obtained was washed with 
ethanol and collected by filtration to give the title compou 
nd (111 mg, 0.19 mmol, 89%) as a white solid. 
[0801] 

X H-NMR (400MHz, DMSO-de) 5: 2 . 4 0-3 . 08 ( 6H, m) , 2.75(3H,s), 2.90(2 
H,t, J=7.1Hz) , 3.19-3.50 (2H,m) , 3 . 92-4 . 17 ( 1H, m) , 4.29-4.52(1 
H,m), 6.23(lH,s), 7 . 24-7 . 39 (2H, m) , 7 . 61 ( 2H, d, J=8 . 8Hz ) , 7.66 

(2H,d, J=8.8Hz) , 7.75(lH,dd, J=10.8,1.5Hz) , 8 . 10-8 . 1 6 ( 1H, m) , 

8.53 (lH,s) , 10.70 (1H,S) . 
mp: 243 to 245°C. 

Elemental Analysis for CaeHzsClFaNaOaS 'HCl : Calculated: C,53.0 
7; H,4.45; CI, 12.05; F,9.69; N,7.14; S,5.45. Found: C, 52.81 
; H, 4.51; CI, 11.74; F,9.48; N,7.09; S,5.50. 
[0802] 

Example 135: (E) -3- [6- [ ( 4-Chlorophenylsulf onyl ) (2, 5-difluor 

ophenyl ) methyl ] pyridin-3-yl ] acrylic acid 

[0803] 

[Chemical formula 15] 



0 




o=s=o 




CI 



[0804] 

A tetrahydrofuran solution (5 ml) of the methyl (E) -3- 
[6-[ (4-chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl ] pyri 
din-3-yl] acrylate (460 mg, 0.991 mmol) obtained in Example 4 
4 was added a IN sodium hydroxide solution (3.0 ml) . The res 
ulting mixture was stirred at room temperature for 4 hours. 

The reaction mixture was acidified with IN hydrochloric aci 
d, followed by extraction with ethyl acetate. The extract w 
as washed with water and brine, dried over magnesium sulfate 

and concentrated. The crude title compound was obtained at 

a stoichiometric ratio. A portion of the resulting solid w 
as recrystallized from ethyl acetate - hexane to give the ti 
tie compound (29.4 mg, 0.0653 mmol) as a colorless solid. 

[08 05] 

■"■H-NMR (400MHz, CDCI3) 5 : 5.96(lH,s), 6 . 52 ( 1H, d, J=l 6 . 1Hz ) , 6.94 
(lH,td, J=9.0, 4.6Hz) , 6. 99-7 .06 (lH,m) , 7 . 4 1 ( 2H, d, J=8 . 6Hz ) , 7 
.56(2H,d, J=8.6Hz) , 7 . 64 ( 1H, d, J=l 6 .1Hz) , 7 . 64 ( 1H, d, J=8 . 1Hz ) , 
7.88(lH,dd, J=8.1, 2.2Hz) , 8 . 01 ( 1H, ddd, J=9 . 0, 5 . 6, 3 . 4Hz ) , 8.7 

2 (lH,d, J=2.2Hz) . 

mp: 236 to 238°C. 

Elemental Analysis for C21H14CIF2NO4S : Calculated: C, 56.07; H, 
3.14; CI, 7.88; F,8.45; N, 3.11; S,7.13. Found: C, 55.98; H,3. 
21; CI, 7. 90; F,8.45; N,3.21; S,7.12. 
[0806] 

Example 13 6: (E) -3- [6- [ ( 4-Chlorophenylsulf onyl ) (2, 5-difluor 
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ophenyl) methyl] pyridin-3-yl ] acrylamide 
[0807] [Chemical formula 16] 



0 




CI 

[0808] 

In dichloromethane (6 ml) was dissolved (E) -3- [ 6- [ ( 4- 
chlorophenylsulfonyl) (2 , 5-dif luorophenyl ) methyl ] pyridin-3- 
yl]acrylic acid (370 mg, 0.822 mmol) . To the resulting so- 
lution were added thionyl chloride (2.00 ml) and N,N- 
dimethylformamide (one drop) . The resulting mixture was 
stirred at room temperature for 4 hours. The reaction mix- 
ture was concentrated to dryness. The residue thus ob- 
tained was dissolved in dichloromethane (6 ml), followed by 
the addition of aqueous concentrated ammonia (2.00 ml). 
After stirring at room temperature for 2 hours, the reac- 
tion mixture was diluted with dichloromethane. The diluted 
mixture was washed with water, 0 . IN hydrochloric acid and 
brine, dried over magnesium sulfate, and concentrated. The 
solid thus obtained was recrystallized from ethanol to give 
the title compound (250 mg, 0.558 mmol, 68%) as a white 
solid. 
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[0809] 

1 H-NMR( 400MHz, CDCl 3 /DMSO-d 6 ) 5: 5 . 7 9 ( 1H, brs ) , 5.95(lH,s), 
6.42 (lH,brs) , 6 . 63 ( 1H, d, J=15 . 9Hz ) , 6 . 94 ( 1H, td, J=9 . 0 , 4 . 4Hz ) , 
7.00-7.07 (lH,m) , 7 . 41 (2H, d, J=8 . 5Hz) , 7 . 56 (2H, d, J=8 . 5Hz) , 
7 .62 (1H, d, J=15. 9Hz) , 7 . 64 (lH,d, J=8 .1Hz) , 

7.85(lH,dd, J=8.1, 2.2Hz) , 8 . 02 ( 1H, ddd, J=9 . 0, 5 . 4, 3 . 2Hz) , 
8.74(lH,d, J=2.2Hz) . 
mp: 219 to 220°C. 

Elemental Analysis for C21H3.5CIF2N2O3S : Calculated: C, 56.19; 
H,3.37; CI, 7.90; F,8.46; N,6.24; S,7.14. Found: C,55.98; 
H,3.34; CI, 8.03; F,8.45; N,6.39; S,7.23. 
[0810] 

Example 137: Ethyl N- [6- [ ( 4-chlorophenylsulfonyl ) (2,5- 

di f luorophenyl ) methyl ] nicotinoyl ] glycine 

[0811] 

[Chemical formula 17] 



To a dichloromethane (5 ml) solution of the [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridin-3- 




o=s=o 




[0812] 
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yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
50 were added triethylamine (80 yl, 0.566 mmol), 4- 
dimethylaminopyridine (14 mg, 0.118 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (54 mg, 
0.283 mmol) and ethyl glycine hydrochloride (40 mg, 0.283 
mmol) . The resulting mixture was stirred at room tempera- 
ture for 7 hours. The reaction mixture was diluted with 
dichlorome thane . The diluted mixture was washed sequen- 
tially with water, a saturated aqueous solution of sodium 
bicarbonate and brine. The organic layer thus obtained was 
dried over magnesium sulfate, and concentrated under re- 
duced pressure. The residue thus obtained was subjected to 
flash silica gel column chromatography. The fraction ob- 
tained from the hexane: ethyl acetate=2 : 1 eluate was concen- 
trated under reduced pressure to give the title compound 
(95 mg, 0.187 mmol, 79%) as a colorless amorphous sub- 
stance . 
[0813] 

1 H-NMR(4 00MHz / CDCl 3 ) 5: 1 .33 (3H, t, J=7 . 1Hz) , 

4.25 (2H, d, J=5.1Hz) , 4 .28 (2H, q, J=7. 1Hz) , 6.00 (1H, s) , 

6. 99 (lH,brs) , 6 . 91-6 . 97 ( 1H, m) , 7 . 00-7 . 06 ( 1H, m) , 

7.42 (2H,d, J=8.5Hz) , 7 . 56 ( 2H, d, J=8 . 5Hz ) , 7 . 73 ( 1H, d, J=8 . 3Hz ) , 

7.9 6-8.00 (lH,m) , 8.18 (1H, dd, J=8 . 3, 2 . 2Hz) , 

9.01 (lH,d, J=2.2Hz) . 

MSm/z: 509(M + +H) . 
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[0814] 

Example 138: t-Butyl [2- [ [6- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridine-3- 
carbonyl] amino] ethyl] carbamate 
[0815] 

[Chemical formula 18] 



To a dichloromethane (5 ml) solution of the [6- [(4- 
chlorophenylsulf onyl ) (2, 5-dif luorophenyl) methyl] pyridin-3- 
yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
50 were added triethylamine (40 0.283 mmol), 4- 

dimethylaminopyridine (14 mg, 0.118 mmol) , l-ethyl-3- ( 3- 
dimethylaminopropyl ) carbodiimide hydrochloride (54 mg, 
0.283 mmol) and t-butyl N- (2-aminoethyl) carbamate (45 yl, 
0.283 mmol). The resulting mixture was stirred at room 
temperature for 6 hours. The reaction mixture was diluted 
with dichloromethane. The diluted mixture was washed se- 
quentially with water, a saturated aqueous solution of so- 
dium bicarbonate and brine. The resulting organic layer 
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[0816] 
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was dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=l : 1 eluate was con- 
centrated under reduced pressure to give the title compound 

(57 mg, 0.101 mmol, 43%) as a white powder. 

[0817] 

X H-NMR (400MHz, CDC1 3 ) 5: 1.44(9H,s), 3 . 37-3 . 43 ( 2H, m) , 3.55- 

3.59(2H,m), 4 . 97 ( 1H, brs ) , 6.00(lH,s), 6 . 92-7 . 05 (2H,m) , 

7.40 (2H,d, J=8.6Hz) , 7 . 55 ( 2H, d, J=8 . 6Hz ) , 7 . 60 ( 1H, brs ) , 

7.70 (lH,d, J=8.3Hz) , 7.92-7.97 (lH,m) , 

8.17 (lH,dd, J=8.3,2.4Hz) , 9.03 ( 1H, d, J=2 . 4Hz ) . 

MSm/z: 566 (M + +H) . 

{■0818] 

Example 139 : N- ( 2-Aminoethyl ) -6- [ (4- 
chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methyl ] nicotinamide 
[0819] 

[Chemical formula 19] 

0 
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[0820] 

To an ethanol (2 ml) solution of t-butyl [2-[[6-[(4- 
chlorophenylsulfonyl) {2, 5-dif luorophenyl) methyl] pyridine-3- 
carbonyl] amino] ethyl] carbamate (50 mg, 0.0880 mmol) was 
added concentrated hydrochloric acid (2 ml) . The resulting 
mixture was stirred at room temperature for 20 minutes. 
The reaction mixture was concentrated under reduced pres- 
sure. The solid thus obtained was washed with diethyl 
ether to give the title compound (44 mg, 0.0880 mmol, 
quant.) as 1.5 hydrochloride (white powder). 
[0821] 

^-NMR (4 00MHz, CD 3 OD) 5: 3 . 19 (2H, t, J=5 . 9Hz) , 

3.69(2H,d, J=5.9Hz) , 6.27(lH,s), 7 . 03-7 . 09 ( 1H, m) , 7.12- 

7.18(lH,m), 7.54 (2H,d, J=8. 6Hz) , 7 . 66 (2H, d, J=8 . 6Hz ) , 

7.83 (lH,d, J=8.3Hz) , 8 . 06-8 . 10 ( 1H, m) , 

8.27 (lH,dd, J=8.3,2.4Hz) , 9.08 ( 1H, d, J=2 . 4Hz ) . 

mp: >250°C (decomp.). 

Elemental Analysis for C21Hi8ClF2N3O3S-l.5H2O-l.5HCl: Calcu- 
lated: C,46.06; H,4.14; CI, 16.18; F,6.94; N,7.67; S,5.86. 
Found: C, 46.39; H,3.93; Cl, 16.58; F,6.84; N,7.74; S,5.94. 
[0822] 

Example 140: 6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 

dif luorophenyl) methyl] -N- ( 2-hydroxyethyl ) nicotinamide 

[0823] 

[Chemical formula 20] 
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[0824] 

A dichloromethane (5 ml) solution of the [6- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-3- 
yl] carboxylic acid (100 mg, 0.236 mmol) obtained in Example 
50 were added triethylamine (80 0,566 mmol), 4- 

dimethylaminopyridine (15 mg, 0.118 mmol), l-ethyl-3- ( 3- 
dimethylaminopropyl) carbodiimide hydrochloride (54 mg, 
0.283 mmol) and ethanolamine hydrochloride (28 mg, 0.283 
mmol) . The resulting mixture was stirred at room tempera- 
ture for 17.5 hours. The reaction mixture was diluted with 
dichloromethane. The diluted mixture was washed sequen- 
tially with water, a saturated aqueous solution of sodium 
bicarbonate and brine. The organic layer thus obtained was 
dried over magnesium sulfate and concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the dichloromethane :methanol=30 : 1 eluate was concen- 
trated under reduced pressure to give the title compound 
(69 mg, 0.148 mmol, 63%) as a white powder. 
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[0825] 

1 H-NMR ( 4 00MHz , CDCI3 ) 5 : 2.38 ( 1H, t, J=4 . 9Hz) , 

3.65 (2H,td,J=5. 4, 4.9Hz) , 3 . 8 5 ( 2H, q, J=4 . 6Hz ) , 5.99(1H,S), 

6.77 (lH,brs) , 6 . 90-6 . 96 ( 1H, m) , 7 . 00-7 . 06 ( 1H, m) , 

7.42 (2H,d, J=8.6Hz) , 7 . 56 (2H, d, J=8 . 6Hz) , 7 . 70 ( 1H, d, J=8 . 1Hz ) , 

7 .97-8 .01 (lH,m) , 8.15 (lH,dd, J=8. 1, 2 .2Hz) , 

8.99(lH,d, J=2.2Hz)H,m) , . 

mp: 179 to 181°C. 

Elemental Analysis for C 2 iHi7ClF 2 N20 4 S : Calculated: C, 54.02 ; 
H,3.67; CI, 7. 59; F,8.14; N,6.00; S,6.87. Found: C, 53.83; 
H,3.63; CI, 7. 72; F,8.14; N,6.06; S,7.02. 
[0826] 

Example 141: t-Butyl [2- [ [ 6- [ ( 4-chlorophenylsulf onyl ) (2,5- 
di f luorophenyl ) methyl ] pyr idine-3- 
carbothioyl] amino] ethyl] carbamate 
[0827] 

[Chemical formula 21] 



Under an argon atmosphere, a Lawson reagent (94 mg, 
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[0828] 
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0.233 mmol) was added to a toluene (8 ml) solution of the 
t-butyl [2- [ [6- [ (4-chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] pyridine-3- 

carbonyl] amino] ethyl] carbamate (120 mg, 0.212 mmol) ob- 
tained in Example 138. Under heating under reflux, the re- 
sulting mixture was stirred for 1.5 hours. After cooling, 
the solvent was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=l:l eluate was concentrated to give the 
title compound (84 mg, 0.144 mmol, 68%) as a yellow amor- 
phous substance. 
[0829] 

^H-NMR (4 00MHz, CDC1 3 ) 5: 1.4 6 (9H, s) , 3 .52-3.57 (2H,m) , 3. 82- 
3.8 6 (2H,m) , 5. 09 (lH,brs) , 5. 99 (1H, s) , 6 . 92- 6 . 98 ( 1H, m) , 
6.99-7.05 (lH,m) , 7.41 ( 2H, d, J=8 . 6Hz ) , 7 . 55 ( 2H, d, J=8 . 6Hz ) , 
7.63 (lH,d, J=8.3Hz) , 7.8 9-7.94 (lH,m) , 

8.21 (lH,dd, J=8.3,2.2Hz) , 9 . 0 6 ( 1H, d, J=2 . 2Hz ) , 9.61 (lH,brs) . 
MSm/z: 582 <M + +H) . 
[0830] 

Example 142: N- (2-Aminoethyl ) -6- [ (4- 

chlorophenylsulfonyl) (2,5- 

dif luorophenyl ) methyl ] thionicotinamide 

[0831] 

[Chemical formula 22] 



o=s=o 
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CI 



[0832] 

To an ethanol (3 ml) solution of t-butyl [2-[[6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridine-3- 
carbothioyl] amino] ethyl] carbamate (80 mg, 0.137 mmol) was 
added concentrated hydrochloric acid (2 ml) . The resulting 
mixture was stirred at room temperature for 20 minutes. 
The reaction mixture was concentrated under reduced pres- 
sure. To the residue thus obtained was added ethanol, fol- 
lowed by concentration. This operation was conducted three 
times to give the title compound (76 mg, 0.137 mmol, 
quant.) as a 1.75 hydrochloride (yellow powder). 
[0833] 

1 H-NMR (400MHz, DMS0-d 6 ) 5: 3 . 07-3 . 12 ( 2H, m) , 3 . 93-3 . 97 ( 2H, m) , 

6.46(lH,s), 7.20-7.26 (lH,m) , 7 . 2 8-7 . 34 ( 1H, m) , 

7.66(2H,d, J=9.0Hz) , 7 . 69 (2H, d, J=9 . 0Hz) , 7 . 88 (1H, d, J=8 . 3Hz) , 

8.05-8.12 (lH,m) , 8 . 14 (2H, brs ) , 8.24 (1H, dd8 .3, 2.4) , 

9.05 (lH,d, J=2.4Hz) , 10.74 (lH,brs) . 

mp: 164 to 16 6°C. 

Elemental Analysis for C 2 iHi8ClF 2 N 3 02S2 • 0 . 5H 2 0- 1 . 75HC1 : Calcu- 
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lated: C, 45.4 6; H, 3.77; CI, 17 . 57 ; F, 6 . 85; N,7.57; S, 11.56. 
Found: C, 45.02; H,3.83; Cl f 17.37; F,6.36; N,7.54; S, 11.36. 
[0834] 

Example 143: 2- [ (4-Chlorophenylthio) (2,5- 
dif luorophenyl) methyl ] -6- ( 1 , 3-dioxolan-2~yl ) pyridine 
[0835] 

[Chemical formula 23] 



Under an argon atmosphere, triethylamine (1.77 ml, 
12.7 mmol) and methanesulf onyl chloride (851 yl, 11.0 mmol) 
were added to a dichloromethane solution (30 ml) of the 2- 
[ (2, 5-dif luorophenyl) hydroxymethyl] -6- (1, 3-dioxolan-2- 
yl) pyridine (2.48 g, 8.46 mmol) obtained in Referential Ex- 
ample 32 under ice cooling. The resulting mixture was 
stirred at room temperature for 3.5 hours. To the reaction 
mixture was added a saturated aqueous solution of sodium 
bicarbonate, followed by extraction with diethyl ether. 
The extract was washed with brine, dried over anhydrous so- 
dium sulfate and concentrated under reduced pressure. 

To a dimethyl formamide (20 ml) solution of the resi- 




Cl 



[0836] 



303 



due (2.14 g, 5.76 mmol) were added 4-chlorobenzenethiol 
(1.0 g, 6.91 mmol) and potassium carbonate (1.19 g, 8.64 
mmol) . The resulting mixture was stirred at 50°C for 2 
hours. After cooling to room temperature, the reaction 
mixture was diluted with diethyl ether. The diluted solu- 
tion was washed sequentially with water and brine. The or- 
ganic layer thus obtained was dried over sodium sulfate, 
and concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column chroma- 
tography. The fraction obtained from the hexane: ethyl ace- 
tate=5:l eluate was concentrated under reduced pressure to 
give the title compound (2.12 g, 5.05 mmol, 88%) as a pale 
yellow oil. 
[0837] 

^H-NMR (400MHz, CDCl 3 ) 5: 4 . 06-4 . 20 (4H, m) , 5. 84 (1H, s) , 
5.89(lH,s), 6.86-6.96(2H,m) , 7 . 17 (2H, d, J=8 . 8Hz) , 
7.23(2H,d, J=8.8Hz) , 7 . 38 ( 1H, d, J=7 . 8Hz ) , 7 . 43 ( 1H, d, J=7 . 8Hz ) , 
7.4 4-7.4 8 (lH,m) , 7 . 69 ( 1H, t, J=7 . 8Hz) . 
MSm/z: 420 (M + +H) . 
[0838] 

Example 144: 2- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -6- (1, 3-dioxolan-2-yl ) pyridine 
[0839] 

[Chemical formula 24] 
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[0840] 

To a methanol (40 ml) solution of 2-[(4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] -6- (1, 3- 
dioxolan-2-yl) pyridine (2.40 g, 5.72 mmol) were added 
hexaammonium heptamolybdate tetrahydrate (200 mg) and 30% 
aqueous hydrogen peroxide (20ml) . The resulting mixture 
was stirred for 5 days. Water was added to the reaction 
mixture and the solid thus precipitated was collected by 
filtration. The residue was washed with water. The resi- 
due was dissolved in ethyl acetate. The resulting solution 
was washed sequentially with water and brine. The organic 
layer was concentrated under reduced pressure. The residue 
was washed with ethyl acetate to give the title compound 

(2.09 g, 4.63 mmol, 81%) as a white powder. 

[0841] 

1 H-NMR(4 00MHz / CDCl 3 ) 5: 4 . 05-4 . 17 (4H,m) , 5.73 (1H, s) , 
5.98 (lH,s) , 6.93-7.05 (2H,m) , 7.41 ( 2H, d, J=8 . 8Hz ) , 
7.52 <2H,d, J=8.8Hz) , 7 . 50-7 . 53 ( 1H, m) , 

7.64 (lH,dd, J=7.6,1.0Hz) , 7 . 80 (1H, t, J=7 . 6Hz) , 7.91- 
7.95(lH,m) . 
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MSm/z: 452 (M + +H) . 
[0842] 

Example 14 5: [6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl ] pyridin-2-yl ] carbaldehyde 
[0843] 

[Chemical formula 25] 



To a 1,4-dioxane (40 ml) solution of 2- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] -6- (1,3- 
dioxolan-2-yl) pyridine (2.05 g, 4.54 mmol) was added con- 
centrated hydrochloric acid (10 ml) . The resulting mixture 
was stirred at room temperature for 20 hours. The solvent 
was concentrated under reduced pressure. To the residue 
was added ethyl acetate. The resulting mixture was washed 
sequentially with water, a saturated aqueous solution of 
sodium bicarbonate and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate, and concentrated 
under reduced pressure to give the title compound (1.85g, 
4.54 mmol, quant.) as a white powder. 
[0845] 
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1 H-NMR ( 4 00MHz, CDCI3) 5 : 6.05(lH,s) , 6 . 92-6 . 98 ( 1H, m) , 7.02- 
7.08 (lH,m) , 7 .43 (2H, d, J=8 .8Hz) , 7 .58 (2H, d, J=8 . 8Hz) , 
7.90 (lH,dd,J=7. 1, 2.0Hz) , 7 . 93-7 . 99 (2H, m) , 8 . 04-8 . 09 ( 1H, m) , 
10.00 (1H, s) . 
MSm/z: 408 (M + +H) . 
[0846] 

Example 14 6: 6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
difluorophenyl) methyl ]picolinic acid 
[0847] 

[Chemical formula 26] 



[0848] To a formic acid (5 ml) solution of [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] carbaldehyde (390 rag, 0.956 mmol) was added 30% aqueous 
hydrogen peroxide (325 ul, 2.87 mmol). The resulting mix- 
ture was stirred at room temperature for 4 hours. Water 
was added to the reaction mixture, followed by filtration. 
The residue was washed with water. The resulting residue 
was dissolved in ethyl acetate. The resulting solution was 
washed sequentially with a saturated aqueous solution of 
ammonium chloride, water and brine. The organic layer thus 
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obtained was dried over magnesium sulfate and concentrated 
under reduced pressure. The residue thus obtained was re- 
crystallized from ethanol to give the title compound (310 
mg, 0.731 mmol, 77%) as a white powder. 
[0849] 

1 H-NMR (400MHz, CDCl 3 ) 5: 6.01(lH,s), 6 . 93- 6 . 99 ( 1H, m) , 7.04- 
7.10(lH,m), 7 .44 (2H,d, J=8. 6Hz) , 7 . 61 (2H, d, J=8 . 6Hz) , 7.78- 
7.82(lH,m), 7.99 (lH,d, J=7.8Hz) , 8 . 06 ( 1H, t, J=7 . 8Hz) , 
8.26(lH,d, J=7.8Hz) . 
mp: 200 to 201°C. 

Elemental Analysis for C19H12CIF2NO4S : Calculated: C, 53.84 ; 
H,2.85; CI, 8.37; F, 8.97; N, 3.30; S,7.57. Found: C, 53.55; 
H,2.80; CI, 8.23; F,9.00; N,3.55; S,7.68. 
•£0850] 

Example 147: [ 6- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] ( 4-methylpiperazin-l- 
yl) methanone 
[0851] 

[Chemical formula 27] 
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To a dichloromethane (5 ml) solution of 6- [(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl)methyl]picolinic 
acid (130 mg, 0.307 mmol) were added N-methylmorpholine (41 

0.368 mmol), 1-hydroxybenzotriazole (13 mg, 0.368 
mmol) , l-ethyl-3- (3-dimethylaminopropyl) carbodiimide hydro- 
chloride (71 mg, 0.368 mmol) and 1-methylpiperazine (40 
0.368 mmol). The resulting mixture was stirred at room 
temperature for 15 hours. The reaction mixture was diluted 
with dichloromethane. The diluted mixture was washed se- 
quentially with water, a saturated aqueous solution of so- 
dium bicarbonate and brine. The organic layer thus ob- 
tained was dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was sub- 
jected to flash silica gel column chromatography. The 
fraction obtained from the dichloromethane :methanol=30 : 1 
eluate was concentrated under reduced pressure to give the 
title compound (40 mg, 0.0791 mmol, 26%) as a white amor- 
phous substance . 
[0853] 

1 H-NMR(4 00MHz,CDCl 3 )5: 2.36 (3H, s) , 2 . 44-2 . 65 ( 4H, m) , 3.4 8- 
4 .00 (4H,m) , 5.91 (1H, s) , 6.87-6. 94 (lH,m) , 6 . 98-7 . 05 ( 1H, m) , 
7 .41 (2H,d, J=7.8Hz) , 7.55-7. 60 (3H,m) , 7 .74 (1H, d, J-7 .3Hz) ,, 
7.85 (lH,t, J=7.6Hz) , 8 . 0 6-8 . 1 3 ( 1H, m) . 

FAB-MS: 506.1085 (Calcd for C24H23CIF2N3O3S : 506.1117). 
[0854] 




Example 148: t-Butyl [6- [ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl ] carbamate 

[0855] 

[Chemical formula 28] 



Under an argon atmosphere, diphenylphosphoryl azide 
(428 ill, 2.00 mmol) and triethylamine (394 ]il, 2.83 mmol) 
were added to a solution of the 6-[(4- 

chlorophenylsulf onyl ) (2, 5-dif luorophenyl ) methyl ] picolinic 
acid (600 mg, 1.42 mmol) obtained in Example 14 6 in a mix- 
ture, of butanol (2 ml) and toluene (10 ml) . The resulting 
mixture was stirred for 23 hours under heating and reflux- 
ing. The reaction mixture was washed with brine. The or- 
ganic layer thus obtained was dried over magnesium sulfate, 
and then concentrated under reduced pressure. The residue 
thus obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the hex- 
ane: ethyl acetate=4 : 1 eluate was concentrated under reduced 
pressure to give the title compound (380 mg, 0.768 mmol, 
54%) as a pale yellow amorphous substance. 
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• [0857] 

1 H-NMR (400MHz, CDCI3) 5 : 1.54 (9H,s), 5.76(lH,s), 6.90- 
6.95(lH,m), 6.99-7.05(lH,m) , 7 . 14 ( 1H, d, J=7 . 3Hz ) , 
7.19 (lH,brs) , 7 . 40 (2H, d, J=8 . 8Hz) , 7 . 55 (2H, d, J=8 . 8Hz) , 
7.65(lH,dd, J=8.3,7.3Hz) , 7 . 95 ( 1H, d, J=8 . 3Hz ) , 8.01- 
8 . 05 (lH,m) . 
MSm/z: 4 95 (M + +H) . 
[0858] 

Example 14 9: 6- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-ylamine 
[0859] 

[Chemical formula 29] 




CI 



[0860] 

To an ethanol (5 ml) solution of t-butyl [6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridin-2- 
yl]carbamate (370 mg, 0.748 mmol) was added concentrated 
hydrochloric acid (5 ml) . The resulting mixture was 
stirred at room temperature for 6 hours. The reaction 
mixture was concentrated under reduced pressure. To the 
residue thus obtained was added ethyl acetate. The 
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resulting mixture was washed sequentially with saturated 
sodium bicarbonate and brine. The organic layer thus 
obtained was dried over magnesium sulfate and concentrated 
under reduced pressure to give the title compound (210 mg, 
0.537 mmol, 71%) as a white powder. 
[0861] 

X H-NMR (4 00MHz, CDC1 3 ) 5 : 4 .46 (2H,brs) , 5.72 (1H, s) , 
6.45(lH,d, J=8.1Hz) , 6.8 8 ( 1H, d, J=7 . 3Hz) , 6.91-7.03 (2H,m) , 
7 .39 (2H, d, J=8. 6Hz) , 7.3 9-7 . 43 (lH,m) , 7.56 (2H,d, J=8. 6Hz) , 
7.98-8.03 (lH,m) . 
mp: 183 to 184°C. 

Elemental Analysis for C18H13CIF2N2O2S : Calculated: C, 54.76; 
H,3.32; CI, 8.98; F,9.62; N,7.10; S,8.12. Found: C, 54.46; 
H.,3.22; CI, 8.82; F,9.55; N,7.07; S,8.11. 
[0862] 

Example 150: N- [ 6- [ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] -2- (pyridin-2- 
yl ) acetamide 
[0863] 

[Chemical formula 30] 
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[0864] 

To a dichloromethane (5 ml) solution of 6- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
ylamine (74 mg, 0.187 ramol) were added N-methylmorpholine 
(90 pi, 0.818 mmol), 1-hydroxybenzotriazole (11 mg, 0.313 
mmol) , l-ethyl-3- (3-dimethylaminopropyl) carbodiimide 
hydrochloride (60 mg, 0.312 mmol) and 2-pyridylacetic acid 
hydrochloride (54 mg, 0.312 mmol). The resulting mixture 
was stirred at room temperature for 24 hours. The reaction 
mixture was diluted with dichloromethane. The diluted 
solution was washed sequentially with water, a saturated 
aqueous solution of sodium bicarbonate and brine. The 
organic layer thus obtained was dried over magnesium 
sulfate, and concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=4 : 1 eluate was concentrated under 
reduced pressure to give the title compound (48 mg, 0.0934 
mmol, 50%) as a white amorphous substance. 
[0865] 

X H-INIMR( 4 00MHz, CDC1 3 ) 5: 3. 86 (1H, d, J=15. 9Hz) , 

3.95 (lH,d, J=15. 9Hz) , 5.82 (1H, s) , 6 . 92- 6 . 96 ( 1H, m) , 6. 98- 

7 . 08 (lH,m) , 7 .21 (1H, d, J=7 . 6Hz) , 7 .25-7 . 33 (3H,m) , 

7.39 (2H,d, J=8 .5Hz) , 7. 54 (2H, d, J=8 . 5Hz) , 7. 66-7 .73 (2H,m) , 

8 .07-8 . 11 (lH,m) , 8 .20 (lH,d, J=8 . 6Hz) , 8. 69 (1H, d, J=4 . 4Hz) . 



FAB-MS : 514 . 0800 (Calcd for C25H19CIF2N3O3S : 514 .0804) . 
[0866] 

Example 151: (E) -2- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -6- ( 2-pyridin-2-ylvinyl ) pyridine 
[0867] 

[Chemical formula 31] 



To a 1,4-dioxane (5 ml) solution of the 6-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] carbaldehyde (100 mg, 0.245 mmol) obtained in Example 
145 were added triphenyl (2-pyridylmethyl) phosphonium 
chloride hydrochloride (336 mg, 0.773 mmol) and 
triethylamine (215 jil, 1.55 mmol). The resulting mixture 
was stirred at room temperature for 5 hours. After the 
reaction mixture was concentrated, ethyl acetate was added 
to the concentrate. The resulting mixture was washed 
sequentially with water and brine. The organic layer was 
dried over magnesium sulfate and concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 




CI 



[0868] 



" from the hexane : ethyl acetate=4 : 1 eluate was concentrated 
under reduced pressure to give the title compound (202 mg, 
0.418 mmol, 81%) as a colorless amorphous substance. 
[0869] 

1 H-NMR ( 4 00MHz, CDCI3) 5: 5. 99 (1H, s) , 6 . 98-7 . 08 ( 2H, m) , 7.21- 
7.25 (lH,m) , 7.37-7.4 8 (6H,m) , 7.54 ( 2H, d, J=8 . 1Hz ) , 
7 . 64 (1H, d, J=l 5.4Hz) , 7 . 69-7 .75 (2H,m) , 8 . 04-8 . 09 ( 1H, m) , 
8.65(lH,d, J=4.4Hz) . 

FAB-MS: 483.0739 (Calcd for C25H18CIF2N2O2S : 483.0746). 
[0870] 

Example 152: 2- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl] -6- ( 2-pyridin-2-ylethyl ) pyridine 
[0871] 

[Chemical formula 32] 



To a mixed solution of (E)-2-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl] -6- (2- 
pyridin-2-yl vinyl ) pyridine (180 mg, 0.373 mmol) in ethanol 
(5 ml) and 1,4-dioxane (2 ml) was added an ethanol 
suspension (1 ml) of Raney nickel. Under a hydrogen 




[0872] 
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atmosphere of 1 atmospheric pressure, the resulting mixture 
was vigorously stirred for 1.5 hours. After filtration of 
the reaction mixture, the filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=3:2 eluate was 
concentrated under reduced pressure, followed by 
recrystallization from hexane: ethyl acetate to give the 
title compound (110 mg, 0.227 mmol, 61%) as a white powder. 
[0873] 

1 H-NMR (4 00MHz, CDCI3) 5 : 3.13-3 . 23 (4H,m) , 5. 92 (1H, s) , 6. 93- 
7. 06 (2H,m) , 7 .07-7 .12 (3H,m) , 7.37-7.40 (3H,m) , 7 . 52- 
7. 60 (4H,m) , 8 . 05-8 . 09 (lH,m) , 8.52 (lH,d, J=3.7Hz) . 
mp: 88 to 89°C. 

Elemental Analysis for C 2 5Hi 9 ClF2N 2 02S : Calculated: C, 61.92; 
H,3.95; CI, 7.31; F,7.84; N,5.78; S,6.61. Found: C, 61.84; 
H,4.08; CI, 7.26; F,7.69; N,5.90; S,6.75. 
[0874] 

Example 153: 3- [ ( 4-Chlorophenylsulf onyl ) (2,5- 

dif luorophenyl) methyl] -1- ( 3-hydroxypropyl ) piperidin-2-one 

[0875] 

[Chemical formula 33] 
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o=s=oo 

0 

CI 

[0876] 

Under an argon atmosphere, n-butyl lithium (a 1.56M 
hexane solution, 0.140 ml, 0.218 mmol) was added at -78°C 
to a 1, 2-dimethoxyethane solution (2 ml) of the 2-[(4- 
chlorophenyl) sulf onylmethyl ] -1 , 4-dif luorobenzene (63 . 0 mg, 
0.208 mmol) obtained in Referential Example 1. The 
resulting mixture was stirred at -78°C for 5 minutes. 
After addition of the 3-bromo-l- [ 3- ( t- 

butyldimethylsilyloxy) propyl ] piperidin-2-one (72 . 8 mg, 
0.208 mmol) obtained in Referential Example 34, the 
resulting mixture was stirred at room temperature for 15 
hours. The reaction mixture was cooled to 0°C. After 
addition of water, the resulting mixture was extracted with 
ethyl acetate. The extract was washed with water and 
brine, dried over magnesium sulfate and concentrated. The 
residue thus obtained was purified by flash silica gel 
column chromatography (hexane : ethyl acetate=4:l) to give a 
low polar silyl-protected compound (30.0 mg) and a high 
polar silyl-protected compound (30.0 mg) , each as a 
colorless oil. The resulting high polar silyl-protected 
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compound (30.0 mg) was dissolved in tetrahydrof uran (3 ml), 
followed by the addition of hydrogen fluoride - pyridine 
(0.5 ml). The resulting mixture was stirred at room 
temperature for 3 hours. After dilution with ethyl 
acetate, the diluted mixture was washed with water brine, 
dried over magnesium sulfate and concentrated. The residue 
thus obtained was subjected to silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=2 : 3 eluate was concentrated to yield a 
white solid. The resulting solid was recrystallized from 
ethyl acetate-hexane to give the title compound (11.8 mg, 
0.0258 mmol, 12%) as colorless needle crystals. 
[0877] 

^H-NMR (4 00MHz, CDC1 3 ) 5: 1 . 50-1. 60 (2H,m) , 1 .88-2 .08 (3H,m) , 

2 .70-2 .77 (lH,m) , 2 .8 6-2 . 93 (lH,m) , 3 . 2 0-3 . 3 6 ( 5H, m) , 

3. 62 (lH,ddd, J=13.7, 9.0,4. 6Hz) , 3 .70-3.78 (lH,m) , 5.71- 

5.73 (lH,m) , 6. 8 6 (1H, td, J=9. 0, 4. 6Hz) , 6 . 96-7 . 02 ( 1H, m) , 

7 .37 (2H,d, J=8 . 8Hz) , 7 . 55-7 . 62 (3H,m) . 

mp: 120 to 121°C. 

FAB-MS: 458.0966 (Calcd for C2iH 2 3ClF 2 N0 4 S : 458.1004). 
[0878] 

Example 154: t-Butyl 3- [ [5-chloro-4- [ ( 4-chlorophenylthio) - 
(2, 5-dif luorophenyl) methyl ] pyridin-2-yl ] amino] propionate 
[0879] 

[Chemical formula 34] 
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6 




[0880] 

In a small amount of a saturated aqueous solution of 
potassium carbonate was dissolved (3-alanine t-butyl ester 
hydrochloride (1.5 g) , followed by extraction with 
methylene chloride. The extract was dried and concentrated 
into 720 mg of (3-alanine t-butyl ester in the free form. 
The resulting ester and a 1,4-dioxane (2.0 ml) solution of 
the 2, 5-dichloro-4- [ ( 4-chlorophenylthio ) - (2, 5- 
dif luorophenyl) methyl] pyridine (300 mg, 0.72 mmol) obtained 
in Example 54 was stirred at 120°C for 4 days under an 
argon atmosphere. After cooling to room temperature, the 
reaction mixture was diluted with ethyl acetate. The 
diluted mixture was washed with water and brine, dried and 
then concentrated under reduced pressure. The residue thus 
obtained was purified by silica gel chromatography 
(hexanerethyl acetate=5:l) to give the title compound (79 
mg, 16%) as an oil. 
[0881] 

1 H-NMR ( 4 0 0MHz , CDCI3 ) 5 : 1.46 (9H, s) , 2.52 (2H, t, J=6 . 0Hz) , 
3.58 (2H,q, J=6. 0Hz) , 4 . 95 (lH,br) , 5. 9 6 (1H, s) , 6. 68 (1H, s) , 
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6. 9-7 . 05 (2H,m) , 7. 11 (lH,m) , 7.22 (2H, d, J=8.4Hz) , 
7 .23 (2H, d, J=8 .4Hz) , 8 . 02 (1H, s) . 
MS: 525 (M + +H) . 
[0882] 

Example 155: 3- [ [ 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] amino] propionic acid 
[0883] 

[Chemical formula 35] 




[0884] 

To a methanol (6 ml) solution of t-butyl 3-[[5- 
chloro-4- [ (4-chlorophenylthio) -(2,5- 

di f luorophenyl ) methyl ] pyr idin-2-yl ] amino ] propionate (79 mg) 
was added hexaammonium heptamolybdate tetrahydrate (30 mg) . 
To the resulting mixture was added 30% aqueous hydrogen 
peroxide (3 ml) and the mixture was stirred for 16 hours. 
The reaction mixture was diluted with ethyl acetate (60 
ml) . The diluted mixture was washed with water and brine 
and concentrated under reduced pressure. To the residue 
thus obtained was added trif luoroacetic acid (1.0 ml). The 
resulting mixture was stirred for 1 hour. From the 
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reaction mixture, trif luoroacetic acid was distilled off 
under reduced pressure. The residue was dissolved in 
water-ethanol (1:1). The resulting solution was basified 
by the addition of a saturated aqueous solution (0.2 ml) of 
sodium bicarbonate thereto. An aqueous solution of sodium 
bisulfate was added and the resulting mixture was extracted 
with ethyl acetate (80 ml) . The extract was washed with 
brine, dried and concentrated under reduced pressure. The 
residue was crystallized in ether to give the title 
compound (61 mg, 81%) as a 0.5 hydrate. 
[0885] 

^-NMR (4 00MHz, CDC1 3 ) 5: 2.76(2H,m) , 3.72 (2H,m) , 6.11 (lH,s) , 
6. 92 (lH,m) , 7 . 04 (lH,m) , 7 . 44 (2H,d, J=8 . 8Hz) , 7 .46 (1H, s) , 
7.4 8 (lH,m) , 7 . 61 (2H,d, J=8 . 8Hz) , 7 . 94 (1H, s) . 
mp: 200 to 205°C. 

Elemental Analysis for C 2 iHi 6 Cl2F2N2O 4 S-0 . 5H 2 0: Calculated: 
C 49.42; H,3.36; N,5.49; S,6.28; CI, 13. 89; F,7.44. Found: 
C, 49.51; H,3.28; N,5.52; S,6.35; CI, 13.75; F,7.77. 
[0886] 

Example 156: 2- [ [5-Chloro-4- [ ( 4-chlorophenylthio ) -(2,5- 
dif luorophenyl) methyl ] pyridin-2-yl ] (methyl) amino] ethanol 
[0887] 

[Chemical formula 36] 
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[0888] 

A 1,4-dioxane (2.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl] pyridine 

(200 mg, 0.48 mmol) obtained in Example 54 and 
methylaminoethanol (200 was stirred at 110°C for 3 days 

under an argon atmosphere. After cooling to room 
temperature, the reaction mixture was concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=3:l) to 
give the title compound (164 mg, 75%) as an oil. 

[0889] 

^-NMR (4 00MHz, CDC1 3 ) 5: 3. 07 (3H, s) , 3.73 (2H,d, J=4 .8Hz) , 
3. 8 5 (2H, d, J=4 . 8Hz) , 5. 99 (1H, s) , 6. 8 6 (1H, s) , 6. 91-7 . 12 (3H,m) , 
7 .23 (2H,.d, J=8. 8Hz) , 7 .25 (2H,d, J=8 . 8Hz) , 8 . 00 (1H, s) . 
MSm/z: 455 (M + +H) . 
[0890] 

Example 157: 5-Chloro-4- [ ( 4-chlorophenylthio) - (2, 5- 
dif luorophenyl) methyl] -2- [2- (pyridin-2- 
yl) ethylamino] pyridine 
[0891] 
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[Chemical formula 37] 




[0892] 

A 1, 4-dioxane (1.5 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl) methyl] pyridine 

(150 mg, 0.36 mmol) obtained in Example 54 and 2-pyridin-2- 
ylethylamine (400 was stirred at 120°C for 5 days under 

an argon atmosphere. After cooling to room temperature, 
the reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was purified by silica 
gel chromatography (hexane : ethyl acetate=l:l) to give the 
title compound (126 mg, 70%) as an oil. 

[0893] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 3.07 (2H, d, J=6 . 4Hz) , 

3.71 (2H,q, J=6.4Hz) , 5.24 (lH.br) , 5.96 (1H, s) , 6. 69 (1H, s) , 
6. 93-7 .30 (9H,m) , 7 . 61 (1H, dt, J=2 .0,7. 6Hz) , 8. 01 (1H, s) , 
8.56 (lH,m) . 
MSm/z: 502 (M + +H) . 
[0894] 

Example 158: 5-Chloro-4- [ (4-chlorophenylthio) - (2, 5- 
dif luorophenyl) methyl] -2- [ 3- (imidazol-1- 
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yl ) propylamine)] pyridine 
[0895] 

[Chemical formula 38] 

D 

N 

[0896] 

A 1,4-dioxane (1.5 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl] pyridine 

(200 mg, 0.48 mmol) obtained in Example 54 and 3-(imidazol- 
1-yl) propylamine (400 ul) was stirred at 120°C for 5 days 
under an argon atmosphere. After cooling to room 
temperature, the reaction mixture was concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=l:l) to 
give the title compound (94 mg, 39%) as an oil. 

[0897] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2.11 (2H,m), 3.35(2H,m), 
4.11 (2H,d, J=6.8Hz) , 4.86(lH,m), 5.94(lH,s), 6.69(lH,s), 
6.96(lH,s), 6.95-7 .26 (3H,m) , 7.12(lH,s), 7 . 21 (2H, d, J=8 . 8Hz) , 
7.23(2H,d, J=8.8Hz) , 7.92(lH,m), 8.02(lH,s). 
MSm/z: 505 (M + +H) . 
[0898] 
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Example 159: 2- [ [5-Chloro-4- [ ( 4-chlorophenylthio) - (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] amino] ethanol 
[0899] 

[Chemical formula 39] 




[0900] 

A 1,4-dioxane (1.5 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl) methyl] pyridine 

(180 mg, 0.43 mmol) obtained in Example 54 and 2- 
aminoethanol (300 was stirred at 120°C for 64 hours 

under an argon atmosphere. After cooling to room 
temperature, the reaction mixture was concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=l:l) to 
give the title compound (106 mg, 56%) as an oil. 

[0901] 

1 H-NMR (400MHz, CDCl 3 ) 5: 3.00(lH,br) , 3.51(2H,br) , 
3.81 (2H,d, J=4 . 8Hz) , 5.05 (lH,br) , 5. 95 (1H, s) , 6.74 (1H, s) , 
6. 92-7 . 0 6 (2H,m) , 7 . 13 (lH,m) , 7 .23 (4H, s) , 7 . 99 (1H, s) . 
MSm/z : 441 (M + +H) . 
[0902] 



325 



Example 160: 1- [3- [ [5-Chloro-4- [ ( 4-chlorophenylthio) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] amino] propyl ] pyrrol idin- 
2-one 
[0903] 

[Chemical formula 40] 



A 1,4-dioxane (1.5 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridine 
(200 mg, 0.48 mmol) obtained in Example 54 and l-(3- 
aminopropyl) pyrrolidin-2-one (400 yl) was stirred at 120°C 
for 17 hours under an argon atmosphere. After cooling to 
room temperature, the reaction mixture was concentrated 
under reduced pressure. The residue thus obtained was 
purified by silica gel chromatography (hexane : ethyl 
acetate=l:l) to give the title compound (68 mg, 27%) as an 
oil . 
[0905] 

^-NMR (400MHz, CDC1 3 ) 5: 1.77 (2H,m) , 2 . 04 (2H,m) , 2.41 (2H,m) , 
3.30-3.40 (6H,m) , 5.53 (lH,br) , 5. 94 (1H, s) , 6.72 (1H, s) , 6.90- 
7.03(2H,m), 7.13(lH,m), 7 . 22 ( 2H, d, J=8 . 0Hz ) , 




[0904] 
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7.25(2H,d, J=8.0Hz) , 7.99 (lH,s) . 
MSm/z: 522 (M + +H) . 
[0906] 

Example 161: t-Butyl 4- [ [5-chloro-4- [ ( 4-chlorophenylthio) - 
( 2 , 5-dif luorophenyl ) methyl ] pyridin-2-yl ] amino] piper idine-1- 
carboxylate 
[0907] 

[Chemical formula 41] 




[0908] 

A 1,4-dioxane (2.2 ml) solution of the 2, 5-dichloro- 
4- [ (4-chlorophenylthio) - (2 , 5-dif luorophenyl ) methyl ] pyridine 
(300 mg, 0.48 mmol) obtained in Example 54 and t-butyl 4- 
aminopiperidine-l-carboxylate (600 mg) was stirred at 120°C 
for 5 days under an argon atmosphere. After cooling to 
room temperature, the reaction mixture was concentrated 
under reduced pressure. The residue thus obtained was 
purified by silica gel chromatography (hexane : ethyl 
acetate=3:l) to give the title compound (36 mg, 9%) as an 
oil . 
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[0909] 

1 H-NMR( 400MHz, CDCl 3 ) 5: 1.34(2H,m), 1.47(9H,s), 1.98(2H,m), 
2.94(2H,m), 3.79(lH,m), 4 . 11 (2H,m) , 4.58(lH,br), 5.95(lH,s), 
6.63(lH,s), 6.93-7.04 (2H,m) , 7.12(lH,m), 7.22(4H,s), 
8 . 01 (1H, s) . 
MSm/z: 58 0 (M + +H) . 
[0910] 

Example 162: t-Butyl 3- [ [5-chloro-4- [ (4-chlorophenylthio) - 
( 2 , 5-dif luorophenyl ) methyl ] pyr idin-2- 
yl] amino] propylcarbamate 
[0911] 

[Chemical formula 42] 




[0912] 

A 1,4-dioxane (1.5 ml) solution of the 2, 5-dichloro- 
4- [ (4-chlorophenylthio) - ( 2 , 5-dif luorophenyl) methyl] pyridine 
(300 mg, 0.48 mmol) obtained in Example 54 and t-butyl (3- 
aminopropyl) carbamate (400 ul) was stirred at 120°C for 2 
days under an argon atmosphere. After cooling to room 
temperature, the reaction mixture was concentrated under 
reduced pressure. The residue thus obtained was purified 
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by silica gel chromatography (hexane : ethyl acetate=l:l) to 

give the title compound (71 mg, 27%) as an oil. 

[0913] 

1 H-NMR (400MHz, CDCI3) 5 : 1.45(9H,s), 1.73(2H,m), 3.21(2H,m), 
3.38(2H,m), 4.85(lH,br), 5.10(lH,br), 5.95(lH,s), 6.96- 
7.04(2H,m), 7.12(lH,m), 7 . 22 (2H, d, J=8 . 8Hz) , 
7.24 (2H,d, J=8.8Hz) , 8.00(lH,s). 
MSm/z: 554 (M + +H) . 
[0914] 

Example 163: 5-Chloro-4- [ ( 4-chlorophenylthio) -(2,5- 
difluorophenyl) methyl] -2- [ (2-methylthioethyl) amino] pyridine 
[0915] 

[Chemical formula 43] 




[0916] 

A 1,4-dioxane (1.5 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2 , 5-dif luorophenyl ) methyl] pyridine 
(200 mg, 0.48 mmol) obtained in Example 54 and 2- 
methylthioethylamine (200 pi) was stirred at 120°C for 2 
days under an argon atmosphere. After cooling to room 
temperature, the reaction mixture was concentrated under 
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reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=3:l) to 
give the title compound (29 mg, 13%) as an oil. 
[0917] 

1 H-NMR(400MHz,CDCl 3 )5: 2.12<3H,s), 2 . 74 ( 2H, d, J=6 . 4Hz ) , 
3.52 (2H,m) , 4.98 (lH.br) , 5.96 (1H, s) , 6. 69 (1H, s) , 6.92- 
7 .05 (2H,m) , 7 .13 (lH,m) , 7 .23 (4H,m) , 8.02 (1H, s) . 
MSm/z: 471 (M + +H) . 
[0918] 

Example 164: 2- [ [5-Chloro-4- [ (4-chlorophenylsulf onyl) - (2, 5- 
dif luorophenyl)methyl]pyridin-2-yl] (methyl) amino] ethanol 
[0919] 

[Chemical formula 44] 




[0920] 

To a methanol (6 ml) solution of the 2- [ [ 5-chloro-4- 
[ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridin-2 - 
yl] (methyl) amino] ethanol (160 mg, 0.35 mmol) obtained in 
Example 156 was added hexaammonium heptamolybdate 
tetrahydrate (30 mg) , followed by further addition of 30% 
aqueous hydrogen peroxide (3 ml) . The resulting mixture 



330 



was stirred for 17. hours. The reaction mixture was diluted 
with ethyl acetate (60 ml) . The diluted mixture was washed 
with water and brine, and concentrated under reduced 
pressure. The residue thus obtained was purified. by silica 
gel chromatography (hexane : ethyl acetate=2 : 1 ) , followed by 
crystallization from hexane-ethanol to give the title 
compound (162 mg, 95%) as needle crystals. 
[0921] 

1 H-NMR ( 400MHz , CDCI3) 5 : 3.20(3H,s) , 3 . 7-3 . 85 (2H, m) , 
3.89(2H,m), 6.14(lH,s), 6.94(lH,m), 7.04(lH,m), 7 . 42 ( 1H, br) , 
7 .44 (2H,d, J=8. 8Hz) , 1 .52 (lH,m) , 7 . 62 (2H, d, J=8. 8Hz) , 
7.99(lH,s) . 
mp: 88 to 89°C. 

Elemental Analysis for C 2 iHi8Cl2F2N 2 O3S-0 . 5H 2 0 : Calculated: 
C, 50.82; H,3.86; N,5.64; S,6.46; CI, 14.29; F,7.66. Found: 
C/51.16; H,3.66; N,5.78; S,6.62; Cl,14.32; F,7.73. 
[0922] 

Example 165: 2- [ [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] (methyl) amino] ethyl 
ethylcarbamate 
[0923] 

[Chemical formula 45] 




[0924] 

To a methylene chloride (1.0 ml) solution of 2-[[5- 
chloro-4- [ (4-chlorophenylsulf onyl) - (2, 5- 

dif luorophenyl) methyl ]pyridin-2-yl] (methyl) amino] ethanol 
(73 mg, 0.15 mmol) was added pyridine (0.5 ml), followed by 
further addition of ethyl isocyanate (100 pi) . The 
resulting mixture was stirred for 19 hours. After the 
reaction mixture was concentrated under reduced pressure, 
the residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=3:l) to yield the 
title compound (65 mg, 74%) as an oil. 
[0925] 

1 H-NMR ( 400MHz, CDCI3) 5 : 1.0 6 ( 3H, t , J=7 . 2Hz ) , 3.19 (3H,s) , 

3.20 (2H,m) , 3. 68 (lH,m) , 3 . 91 (lH,m) , 4.25 (lH,m) , 4.40 (lH,m) , 

5.15(lH,br), 6.16(lH,s), 6.92(lH,m), 7 . 03 ( 1H, m) , 

7.45 (2H,d, J=8.4Hz) , 7.4 9 (1H, s) , 7.55(lH,m) , 

7 . 60 (2H, d, J=8 . 4Hz) , 8 . 03 ( 1H, s) . 

EI-MS: 557.0714 (Calcd for Ca^H^ClzFzNaC^S : 557.0754). 
[0926] 

Example 166: 5-Chloro-4- [ (4-chlorophenylsulfonyl) - (2, 5- 
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difluorophenyl) methyl] -2- [2- (pyridin-2- 

yl) ethylamino] pyridine 

[0927] 

[Chemical formula 4 6] 




[0928] 

To a methanol (6 ml) solution of the 5-chloro-4- [ ( 4- 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] -2- [2- 
(pyridin-2-yl) ethylamino] pyridine (120 mg ,0.35 mmol) 
obtained in Example 157 was added hexaammonium 
heptamolybdate tetrahydrate (30 mg) , followed by further 
addition of 30% aqueous hydrogen peroxide (3 ml) . The 
resulting mixture was stirred for 2 days. The reaction 
mixture was diluted with ethyl acetate (80 ml) . The 
diluted mixture was washed with water and brine and 
concentrated under reduced pressure. The residue thus 
obtained was purified by silica gel chromatography 

(hexane:ethyl acetate=3:l) to give the title compound (43 
mg, 33%) as an amorphous substance. 

[0929] 

^-NMR (400MHz, CDC1 3 ) 5: 3 . 19 (2H, t, J=5 . 2Hz) , 3.81(2H,m), 
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5.51(lH,br), 6.13(lH,s), 6.91(lH,m), 7 . 03 ( 1H, m) , 1.20- 

7 . 30 (3H,m) , 7 .43 (2H, d, J=8 . 8Hz) , 7 .50 (lH,m) , 

7.62 (2H,d, J=8.8Hz) , 7.68(lH,s), 7.98(lH,s), 8.60(lH,m). 

FAB-MS: 534 .0651 (Calcd for C25H20CI2F2N3O2S : 534.0621).' 

[0930] 

Example 167: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] -2- [3- (imidazol-l- 
yl) propylamino] pyridine 
[0931] 

[Chemical formula 47] 



To a methanol (6 ml) solution of the 5-chloro-4- [ ( 4- 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] -2- [3- 
(imidazol-l-yl) propylamino] pyridine (94 mg, 0.19 mmol) 
obtained in Example 158 was added hexaammonium 
heptamolybdate tetrahydrate (30 mg) , followed by the 
addition of 30% aqueous hydrogen peroxide (3 ml) . The 
resulting mixture was stirred for 17 hours. After the 
reaction mixture was diluted with ethyl acetate (80 ml), 
the diluted mixture was washed with water and brine, and 




[0932] 
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concentrated under reduced pressure. The residue thus 
obtained was purified by silica gel chromatography (7% 
methanol-chlorof orm) to give the title compound (5 mg, 5%) 
as an oil. 
[0933] 

1 H-NMR (400MHz, CDCI3) 5 : 2.20(2H,m), 3.44(2H,m), 4.32(2H,m), 
5.77(lH,br), 6.13(lH,s), 6.91(lH,m), 7.02 (lH,m), 7.10(lH,s), 
7.30(lH,s), 7.40(lH,s), 7 . 4 4 ( 2H, d, J=8 . 4Hz ) , 7.54(lH,m), 
7.65(2H,d, J=8.4Hz) , 7.97(s,lH), 8.05(lH,s), 8.89(lH,s). 
FAB-MS: 537.0737 (Calcd for C 24 H2iCl2F 2 N 4 02S : 537.0730). 
[0934] 

Example 168: 2- [ [5-Chloro-4- [ (4-chlorophenylsulf onyl) -(2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] amino] ethanol 

[0935] 

{Chemical formula 48] 




[0936] 

To a methanol (6 ml) solution of the 2- [ [5-chloro-4- 
[ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amino] ethanol (143 mg, 0.33 mmol) obtained in Example 
159 was added hexaammonium heptamolybdate tetrahydrate (30 
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mg) , followed by further addition of 30% aqueous hydrogen 
peroxide (3 ml) . The resulting mixture was stirred for 17 
hours. After the reaction mixture was diluted with ethyl 
acetate (60 ml), the diluted solution was washed with water 
and brine, and concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=l:l) and crystallized 
from ethanol to give the title compound (98 mg, 63%) as 
needle crystals. 
[0937] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 3. 60 (2H,m) , 3. 87 (2H,m) , 5.53 (lH,br) , 
6.11 (1H, s) , 6. 92 (lH,m) , 7 . 03 (lH,m) , 7 .40 (1H, s) , 
7.45 (2H,d, J=8 .8Hz) , 7 .48 (lH,m) , 7 . 61 (2H,d, J=8.8Hz) , 
7.96(lH,s). mp: 168 to 169°C. 

Elemental Analysis for C20H16CI2F2N2O3S : Calculated: C, 50.75; 
H,3.41; N,5.92; S,6.77; CI, 14.98; F,8.03. Found: C, 50.33; 
H,3.40; N,5.95; S,6.90; CI, 14.93; F, 8 . 04 . 
[0938] 

Example 169: 1- [3- [ [5-Chloro-4- [ ( 4-chlorophenylsulf onyl) - 
(2, 5-dif luorophenyl) methyl] pyridin-2- 
yl] amino] propyl] pyrrolidin-2-one 
[0939] 

[Chemical formula 49] 
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[0940] 

To a methanol (6 ml) solution of the 1- [3- [ [5-chloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl ) methyl] pyridin- 
2-yl] amino] propyl ] pyrrolidin-2-one (143 mg, 0.33 mmol) 
obtained in Example 160 was added hexaammonium 
heptamolybdate tetrahydrate (30 mg) , followed by the 
addition of 30% aqueous hydrogen peroxide (3 ml) . The 
resulting mixture was stirred for 17 hours. After the 
reaction mixture was diluted with ethyl acetate (60 ml), 
the diluted mixture was washed with water and brine, and 
concentrated under reduced pressure. The residue thus 
obtained was purified by silica gel chromatography (2% 
methanol-ethyl acetate) and crystallized from ether to give 
the title compound (42 mg, 60%) as needle crystals. 
[0941] 

1 H-NMR (4 00MHz, CDCI3) 5: 1 .82 (2H,m) , 2 . 05 (2H,m) , 2 .43 (2H,m) , 
3.35-3.50 (6H,m) , 5.53(lH,br), 6.12(lH,s), 6 . 92 ( 1H, m) , 
7 .02 (lH,m) , 7.23 (1H, s) , 7. 42 (2H, d, J=8.4Hz) , 7.53 (lH,m) , 
7.62 (2H,d, J=8.4Hz) , 7.96(lH,s) . 
mp: 78 to 80°C. 
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Elemental Analysis f or ' C25H23CI2F2N3O3S : Calculated: C, 54.16; 
H,4.18; N,7.58; S,5.78; CI, 12.79; F,6.85. Found: C, 54.15; 
H,4.37; N,7.39; S,5.60; CI, 12.20; F,6.64. 
[0942] 

Example 17 0: t-Butyl 4- [ [ 5-chloro-4- [ ( 4- 

chlorophenylsulfonyl) = (2, 5-dif luorophenyl ) methyl] pyridin-2- 
yl] amino] piper idine-l-carboxylate 
[0943] 

[Chemical formula 50] 




[0944] 

To a methanol (6 ml) solution of the t-butyl 4-[[5- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 

di f luorophenyl ) methyl ] pyridin-2-yl ] amino ] piper idine-l- 
carboxylate (41 mg, 0.070 irunol) obtained in Example 161 was 
added hexaammonium heptamolybdate tetrahydrate (30 mg) , 
followed by further addition of 30% aqueous hydrogen 
peroxide (3 ml) . The resulting mixture was stirred for 20 
hours. After dilution with ethyl acetate (80 ml), the 
diluted mixture was washed with water and brine, and 
concentrated under reduced pressure. The residue was 
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purified by silica gel chromatography (hexane : ethyl 
acetate=4:l) to give the title compound (41 mg, 95%) as an 
oil . 
[0945] 

1 H-NMR (400MHz, CDCI3) 5 : 1.43(2H,m), 1.47(9H,s), 2.04(2H,m), 
2.97 (2H,m) , 3.88 (lH,m) , 4 .08 (2H,m) , 6.08 (1H, s) , 6. 89 (lH,m) , 
7 . 02 (lH,m) , 7 .25 (1H, s) , 7 . 43 (2H, d, J=8 . 0Hz) , 7.46 (lH,m) , 
7.58 (2H,d, J=8.0Hz) , 7.96 (lH,s) . 
MSm/z: 612 (M + +H) . 
[0946] 

Example 171: 4- [ [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] amino] piper idine 
dihydrochloride 
10947] 

[Chemical formula 51] 




[0948] To t-butyl 4- [ [ 5-chloro-4- [ ( 4- 

chlorophenylsulfonyl) - [2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amino] piperidine-l-carboxylate (41 mg, 0.067 mmol) was 
added a 20% hydrochloric acid-methanol solution. The 
resulting mixture was stirred for 2 hours. The reaction 
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mixture was concentrated under reduced pressure. The 
residue thus obtained was dissolved in chloroform, followed 
by further concentration. The amorphous substance thus 
obtained was dried under reduced pressure to afford the 
title compound (34 mg, 84%) . 
[0949] 

1 H-NMR ( 4 0 OMH z , CD3OD ) 6 : 1.90(2H,m), 2.33(2H,m), 3.22 (2H,m), 
3.52(2H,m), 4.10(lH,m), 6.28(lH,s), 7.09(lH,m), 7.23(lH,m), 
7.53(lH,m), 7.61(2H,d, J=6.4Hz) , 7 . 7 5 ( 2H, d, J=6 . 4Hz ) , 
7 . 89 (1H, s) , 8 . 05 (1H, s) . 

Elemental Analysis for CaaHaiClzFzNsCbS^HCl-HzO: Calculated: 
C, 45.79; H,4.18; N,6.96; S,5.31; CI, 23.50; F,6.30. Found: 
C, 45.48; H,4.17; N, 7.2; S,5.24; CI, 22.82; F, 6 . 02 . 
■1.0950] 

Example 172: t-Butyl 3- [ [5-chloro-4- [ (4- 

chlorophenylsulfonyl) - (2, 5-dif luorophenyl) methyl ] pyridin-2- 

yl] amino] propylcarbamate 

[0951] 

[Chemical formula 52] 




CI 



[0952] 



To a methanol (6 ml) solution of the t-butyl 3-[[5- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amino] propylcarbamate 
(70 mg, 0.13 ramol) obtained in Example 162 was added 
hexaammonium heptamolybdate tetrahydrate (30 mg) , followed 
by further addition of 30% aqueous hydrogen peroxide (3 ml) . 
The resulting mixture was stirred for 20 hours. After 
dilution with ethyl acetate (80 ml), the diluted mixture 
was washed with water and brine, and concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=2:l) to 
give the title compound (61 mg, 82%) as an oil. 
[0953] 

^H-NMR (4 00MHz, CDC1 3 ) 5: 1.45(9H,s), 1.77 (2H,m) , 3 .23 (2H,m) , 
3 . 42 (2H,m) , 4 . 89 (lH,br) , 5. 36 (lH,br) , 6. 10 (1H, s) , 
6. 90 (lH,m) , 7 . 02 (lH,m) , 7 .24 (1H, s) , 7. 42 (2H,d, J=8 . 8Hz) , 
7 . 49 (lH,m) , 7.59 (2H, d, J=8 . 8Hz) , 7 . 95 (1H, s) . 
MSm/z: 586 (M + +H) . 
[0954] 

Example 173: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] propane- 1, 3-di amine 
dihydrochloride 
[0955] 

[Chemical formula 53 ] 




[0956] 

To t-butyl 3- [ [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) - 
( 2 , 5-di f luorophenyl ) methyl ] pyr idin-2 - 

yl] amino] propylcarbamate (70 mg, 0.13 mmol) was added a 20% 
hydrochloric acid-methanol solution (2 ml) . The resulting 
mixture was stirred for 2 hours. The residue obtained by 
concentrating the reaction mixture under reduced pressure 
was crystallized from ethanol to give the title compound as 
a white solid (42 mg, 83%) . 
[0957] 

^-NMR (400MHz, DMSO-de) 5: 1-83 (2H,m) , 2.87 (2H,m) , 3.33 (2H,m) , 
6.16 (1H, s) , 7 .28 (lH,m) , 7 .36 (1H, s) , 7.38 (lH,m) , 7.52 (lH,m) , 
7.69(2H,d, J=8.4Hz) , 7 . 74 (2H, d, J=8 . 4Hz) , 8.05(lH,s) . 
mp: 193 to 195°C. 

Elemental Analysis for C 2 iHi9Cl2F 2 N302S-2HCl : Calculated: 
C, 45.10; H,3.78; N,7.51; S,5.73; CI, 25.36; F,6.79. Found: 
C, 44.55; H,3.74; N,7.52; S,5.73; CI, 25.09; F,6.73. 
[0958] 

Example 174: N- [3- [ [ 5-Chloro-4- [ (4-chlorophenylsulf onyl) - 
(2, 5-di f luorophenyl ) methyl] pyridin-2- 
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yl] amino] propyl] acetamide 
[0959] 

[Chemical formula 54] 



0 

A 

H 

[0960] 

To a methylene chloride solution (5.0 ml) of N-[5- 
chloro-4- [ (4-chlorophenylsulfonyl) - (2, 5- 
di f luorophenyl ) methyl ] pyr idin-2-yl ] propane- 1 , 3-di amine 
dihydrochloride (47 mg, 0.084 mmol) were added pyridine (17 
yl, 0.34 mmol) and acetic anhydride (9.5 yl, 0.10 mmol). 
The resulting mixture was stirred for 1 hour. The residue 
obtained by concentrating the reaction mixture was purified 
by silica gel chromatography (ethyl acetate :methanol=10 : 1 ) 
to give the title compound (35 mg, 7 9%) . The compound was 
crystallized in ether to afford a white solid (27 mg) . 
[0961] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1.80 (2H,m) , 2.02 (3H, s) , 3.36 (2H,m) , 
3.4 5(2H,m) , 5. 25 (lH.br) , 6.12(lH,s) , 6.15 (lH,m) , 6.93(lH,m) , 
7.04 (lH,m) , 7. 44 (2H,d, J=8 .8Hz) , 7.50 (lH,m) , 
7 . 62 (2H,d, J=8 . 8Hz) , 7 . 97 (1H, s) . 
mp: 103 to 105°C. 
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FAB-MS: 528.0740 (Calcd for C23H22CI2F2N3O3S : 528.0727). 
[0962] 

Example 175: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) -(2,5- 
dif luorophenyl) methyl ] pyridin-2-yl ] -N / - (pyrimidin-2- 
yl) propane-1, 3-di amine 
[0963] 

[Chemical formula 55] 




[0964] 

To a 1,4-dioxane solution (1.0 ml) of the N-[5- 
chloro-4- [ (4-chlorophenylsulf onyl) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] propane-1 , 3-diamine 
dihydrochloride (76 mg, 0.136 mmol) obtained in Example 173 
were added triethylamine (76 pi, 0.54 mmol) and 2- 
chloropyrimidine (23 mg, 0.20 mmol). The resulting mixture 
was stirred at 80°C for 19 hours. The reaction mixture was 
allowed to cool to room temperature, followed by dilution 
with ethyl acetate. The diluted mixture was washed with 
water and brine, dried and concentrated. The residue thus 
obtained was purified by silica gel chromatography 
(hexane:ethyl acetate=l : 2) to give the title compound (50 
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mg, 65%). The compound was crystallized in ethanol to 



[0965] . 

1 H-NMR (400MHz, CDC1 3 ) 5: 1 . 94 (2H / m) , 3.48(2H,m), 3.59(2H,m), 
5.33(lH,br), 5.60(lH,br), 6.12(lH,s), 6 . 56 ( 1H, t, J=4 . 8Hz ) , 
6.92(lH,m), 7.03(lH,m), 7.24(lH,s), 7 . 44 (2H, d, J=8 . 0Hz) , 
7.51(lH,m), 7.61(2H,d, J=8.0Hz) , 8.00(lH,s), 
8 . 32 (1H, d, J=4 . 8Hz) . 
mp: 176 to 178°C. 

FAB-MS: 564.0811 (Calcd for C25H22CI2F2N5O2S : 564.0839). 
[0966] 

Example 17 6: 5-Chloro-4- [ (4-chlorophenylsulfonyl) - (2, 5- 
dif luorophenyl) methyl] -2- [ (2- 
methylsulf onylethyl) amino] pyridine 
[0967] 

[Chemical formula 56] 
_ CK _ 



To a methanol (3 ml) solution of the 5-chloro-4- [ ( 4- 
chlorophenylthio) - (2, 5-dif luorophenyl ) methyl ] -2- [ (2- 
methylthioethyl) amino] pyridine (29 mg, 0.061 mmol) obtained 



afford a white solid (36 mg) . 




[0968] 



in Example 163 was added hexaammonium heptamolybdate 
tetrahydrate (15 mg) , followed by further addition of 30% 
aqueous hydrogen peroxide (1.5 ml). The resulting mixture 
was stirred for 20 hours. After dilution with ethyl 
acetate (80 ml), the diluted mixture was washed with water 
and brine, and concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=l : 1 ) , followed by 
crystallization from ether to give the title compound (24 
mg, 73%) as a white solid. 
[0969] 

2 H-NMR (4 00MHz, CDC1 3 ) 5: 2 . 98 (3H, s) , 3 .37 (2H, t, J=6. 0Hz) , 

3.94 (2H,m) , 5.38 (lH,m) , 6.10 (1H, s) , 6.90 (lH,m) , 7.01 (lH,m) , 

7.. 32 (1H, s) , 7.42 (2H, d, J=8 . 8Hz ) , 7.45 (lH,m) , 

7.59 (2H,d, J=8.8Hz) , 8.00 (1H, s) . 

mp: 134 to 136°C. 

Elemental Analysis for C21H18CI2F2N2O4S : Calculated: C, 47.11; 
H,3.39; N,5.23; S, 11.98. Found: C, 46.80; H,3.35; N,5.30; 
S, 11.84. 
[0970] 

Example 177: 2, 5-Dichloro-4- [ (2, 5-dif luorophenyl) - (4- 

f luorophenylthio) methyl] pyridine 

[0971] 

[Chemical formula 57] 
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[0972] 

The 2, 5-dichloro-4- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl] pyridine (1.22 g, 4.8 mmol) obtained in 
Referential Example 24 was dissolved in thionyl chloride 
(5.0 ml). To the resulting solution was added a catalytic 
amount of dimethyl formamide . The resulting mixture was 
stirred for 4 hours. 

The reaction mixture was concentrated under reduced 
pressure. To the residue thus obtained was added 1,4- 
dioxane, followed by further concentration. The residue 
was dissolved in dimethyl formamide (10 ml) . To the 
resulting solution were added 4-f luorobenzenethiol (730 mg, 
5.7 mmol) and potassium carbonate (2.07 g, 15 mmol). Under 
a nitrogen atmosphere, the resulting solution was stirred 
at room temperature for 24 hours. To the reaction mixture 
was added diethyl ether (120 ml) . The resulting mixture 
was washed with water and brine. The organic layer was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue was crystallized in ethanol 
to give the title compound (950 mg, 49%) as colorless 
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needle crystals. 
[0973] 

X H-NMR (4 00MHz, CDCI3) 6: 5. 92 (1H, s) , 6. 94-7 . 04 (4H,m) , 
7.19(lH,m) , 7.33-7.4 (2H,m) , 7.57 (1H, s) , 8.33 (1H, s) . 

mp: 95 to 97°C. 
MSm/z: 400 (M + +l) 
[0974] 

Example 17 8: 2- [ [5-Chloro-4- [ (2, 5-dif luorophenyl ) - (4- 
f luorophenylthio ) methyl ] pyridin-2-yl ] amino ] ethanol 
[0975] 

[Chemical formula 58] 



A 1,4-dioxane (1.5 ml) solution of 2 , 5-dichloro-4- 
[ (2, 5-dif luorophenyl) - ( 4- f luorophenylthio) methyl ] pyridine 
(200 mg, 0.50 mmol) and 2-aminoethanol (300 yl) was stirred 
at 120 °C for 2 days under an argon atmosphere. After 
cooling to room temperature, the reaction mixture was 
concentrated under reduced pressure. The residue was 
purified by silica gel chromatography (hexane : ethyl 
acetate=l:l) to give the title compound (120 mg, 56%) as an 




[0976] 
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[0977] 

1 H-NMR ( 4 00MHz , CDCI3) 5 : 3 . 53 ( 2H, m) , 3.82(2H,m), 4.95(lH,br), 
5.89(lH,s), 6.74(lH,s), 6 . 90-7 . 00 ( 4H, m) , 7.16(lH,m), 7.31- 
7.36(2H,m) , 7.99(lH,s) . 
MSm/z: 425 (M + +H) . 
[0978] 

Example 17 9: 2- [ [5-Chloro-4- [ (2, 5-dif luorophenyl ) - (4- 
fluorophenylsulfonyl) methyl ] pyridin-2-yl] amino] ethanol 
[0979] 

[Chemical formula 59] 




[0980] 

To a methanol (6 ml) solution of the 2- [ [5-chloro-4- 
[ (2, 5-dif luorophenyl) - (4-fluorophenylthio)methyl]pyridin-2- 
yl] amino] ethanol (119 mg, 0.27 mmol) was added hexaammonium 
heptamolybdate tetrahydrate (30 mg) , followed by further 
addition of 30% aqueous hydrogen peroxide (3 ml) . The 
resulting mixture was stirred for 19 hours. After dilution 
with ethyl acetate (80 ml), the diluted mixture was washed 
with water and brine, and concentrated under reduced 
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pressure- The residue thus obtained was purified by silica 
gel chromatography (hexane : ethyl acetate=l:l) and 
crystallized from ethanol to give the title compound (65 mg, 
56%) as needle crystals. 
[0981] 

1 H-NMR (400MHz, CDC1 3 ) 5: 3 . 61 (2H,m) , 3 .88 (2H, d, J=4 . 8Hz) , 
6.09 (1H, s) , 6.90 (lH,m) , 7 . 04 (lH,m) , 7 . 10-7 . 18 (2H,m) , 
7 .42 (lH,s) , 7 .49 (lH,m) , 7 . 66-7 . 71 (2H, m) , 7 .95 (1H, s) . 
mp: 157 to 158°C. 

Elemental Analysis for C20H16CIF3N2O3S : Calculated: C, 52.58; 
H,3.53; N,6.13; S,7.02; CI, 7. 76; F, 12.48. Found: C, 52.18; 
H,3.51; N,6.19; S,7.10; CI, 7. 82; F, 12.38. 
[0982] 

Example 180: 5-Chloro-4- [ ( 4-chlorophenylthio ) (2, 5- 
dif luorophenyl) methyl] -2- [2- (pyridin-4-- 
yl) ethylamino] pyridine 
[0983] 

[Chemical formula 60] 




[0984] 



A dioxane (1.5 ml) solution of the 2 , 5-dichloro~4- 
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[ (4-chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] pyridine 
(220 mg, 0.528 mmol) obtained in Example 54 and 4- (2- 
aminoethyl) pyridine (400 pi) was heated at 120°C for 3 days 
in a sealed tube. The reaction mixture was cooled to room 
temperature and then, concentrated under reduced pressure. 
Water was added to the residue thus obtained, followed by 
extraction with ethyl acetate. The organic layer was 
washed with brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the methanol : methylene chloride=l : 30 eluate was 
concentrated under reduced pressure to give the title 
compound (114 mg, 0.227 mmol, 43%) as a colorless oil. 
{0985] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 2 . 90 (2H, t, J=7 . 1Hz) , 3.54-3 . 65 (2H,m) , - 
4.7 0-4 .81 (lH,m) , 5. 96 (1H, s) , 6. 64 (1H, s) , 6. 90-7 .03 (2H,m) , 
7 .05-7 .16 (3H,m) , 7 .22 (4H, s) , 8 . 03 (1H, s) , 8 . 53 (2H,d, J=6. 1Hz) . 
MSm/z: 501 (M + ) . 
[0986] 

Example 181: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -2- [2- (pyridin-4- 
yl) ethylamino] pyridine 
[0987] 

[Chemical formula 61 ] 




[0988] 

To a methanol (6 ml) solution of 5-chloro-4- [ ( 4- 
chlorophenylthio) (2, 5-dif luorophenyl) methyl] -2- [2- (pyridin- 
4-yl) ethylamino] pyridine (110 mg, 0.219 mmol) were added 
30% aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (34 mg) under ice cooling* 
After the reaction mixture was stirred at room temperature 
for 22 hours, methanol was distilled off under reduced 
pressure. To the residue thus obtained was added ethyl 
acetate. The resulting mixture was washed sequentially 
with saturated sodium bicarbonate, an aqueous solution of 
sodium thiosulfate and brine, dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate=2:3 eluate was concentrated 
under reduced pressure to give the title compound (102 mg, 
0.191 mmol, 87%) as a pale yellowish white solid. The 
resulting solid was washed with diisopropyl ether - hexane 
and collected by filtration to afford the title compound 
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(87 mg) as a white powder. 
[0989] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 96 (2H, t, J=7 . 1Hz) , 

3.68 (2H,q, J=6.8Hz) , 4 . 72 ( 1H, t , J=6 . 1Hz ) , 6.12(1H,S), 6.89- 
6.96(lH,m), 6.98-7 .08 (lH,m) , 7 . 20 ( 2H, d, J=5 . 9Hz) , 7.24(lH,s), 
7.40-7.50 (3H,m) , 7 . 60 ( 2H, d, J=8 . 6Hz ) , 8.03(lH,s), 
8.56(2H,d, J=5.9Hz) . 
mp: 148 to 150°C. 

Elemental Analysis for C25H19N3O2CI2F2S : Calculated: C, 56.19; 
H,3.58; N,7.86; CI, 13.27;' F, 7.11; S,6.00. Found: C, 56.01; 
H,3.57; N,7.93; CI, 13.27; F,7.04; S,6.16. 
[0990] 

Example 182: 2- [2- [5-Chloro-4- [ (4-chlorophenylthio) (2, 5- 
difluorophenyl) methyl ] pyridin-2-ylamino] ethoxy] ethanol 
[0991] 

[Chemical formula 62] 



A dioxane (1.5 ml) solution of the 2 , 5-dichloro-4- 
[ (4-chlorophenylthio) ( 2 , 5-dif luorophenyl ) methyl ] pyridine 
(210 mg, 0.504 mmol) obtained in Example 54 and 2-(2- 




[0992] 
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aminoethoxy) ethanol (400 pi) was heated at 120°C for 3 days 
in a sealed tube . The reaction mixture was cooled to room 
temperature and then, concentrated under reduced pressure. 
Water was added to the residue thus obtained, followed by 
extraction with ethyl acetate. The organic layer was 
washed with brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the 30% methanol/methylene chloride eluate was 
concentrated under reduced pressure to give the title 
compound (85 mg, 0.175 mmol, 35%) as a colorless oil. 
[0993] 

^H-NMR (400MHz, CDC1 3 ) 5: 2.11 (lH,brs) , 3. 53 (2H, q, J=5.3Hz) , 
3. 61 (2H, t, J=4 .4Hz) , 3.70 (2H, t, J=5.1Hz) , 3.72-3.8 0 (2H,m) , 
4.95 (lH,t, J=5.6Hz) , 5.97 (lH,s) , 6.71 (lH,s) , 6 . 80-7 . 03 (2H, s ) , 
7.08-7.17 (lH,m) , 7 . 18-7 . 30 ( 4H, m) , 8.03 (1H, s) . 
MS (m/z) : 484 (M + ) . 
[0994] 

Example 183: 2- [2- [ 5-Chloro-4- [ (4- 

chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

ylamino] ethoxy] ethanol 

[0995] 

[Chemical formula 63] 
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[0996] 

To a methanol (6 ml) solution of 2- [2- [5-chloro-4- 
[ (4-chlorophenylthio) (2, 5-dif luorophenyl) methyl ] pyridin-2- 
ylamino] ethoxy] ethanol (80 mg, 0.155 mmol) were added 30% 
aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (32 mg) under ice cooling. 
After the resulting mixture was stirred at room temperature 
for 24 hours, methanol was distilled off under reduced 
pressure. To the residue was added ethyl acetate. The 
resulting mixture was washed sequentially with saturated 
sodium bicarbonate, an aqueous solution of sodium 
thiosulfate and brine, dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=2:3 eluate was concentrated 
under reduced pressure to give the title compound (70 mg, 
0.135 mmol, 87%) as an amorphous substance. The resulting 
amorphous substance was solidified with ether - hexane, 
followed by filtration to afford the title compound (55 mg) 
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as a white powder. 
[0997] 

1 H-NMR(4 00MHz,CDCl 3 )5: 2 . 1 1 ( 1H, brs ) , 3 . 55-3 . 63 ( 2H, m) , 
3.66(2H,t, J=4.5Hz) , 3 . 74 (2H, t , J=5 . 1Hz) , 3 . 78-3 . 85 ( 2H, m) , 
5.03-5.13 (lH,m) , 6.13(lH,s), 6 . 8 9- 6 . 97 ( 1H, m) , 6.98- 
7.08 (lH,m) , 7.30(lH,s), 7 . 45 (2H, d, J=8 . 5Hz) , 7 . 48-7 . 56 ( 1H, m) , 
7.62 (2H,d, J=8.5Hz) , 8 . 00 ( 1H, s) .mp : 113 to 115°C. 
Elemental Analysis for C22H20N2O4CI2F2S : Calculated: C, 51.07; : 
H,3.90; N,5.41; CI, 13.70; F,7.34; S,6.20. Found : . C, 50 . 8 1 ; 
H,3.83; N,5.49; 01,13.64; F,7.46; S,6.34. 
[0998] 

Example 184: 5-Chloro-4- [ ( 4-chlorophenylthio) (2, 5- 

dif luorophenyl) methyl] -2- [ (3-methoxypropyl ) amino] pyridine 

[0999] 

[Chemical formula 64] 




[0256] 

A dioxane (1.5 ml) solution of the 2 , 5-dichloro-4- 
[ (4-chlorophenylthio) (2, 5-dif luorophenyl) methyl] pyridine 
(216 mg, 0.518 mmol) obtained in Example 54 and 3- 
methoxypropylamine (200 pi) was heated at 120°C for 3 days 



in a sealed tube. The reaction mixture was cooled to room 
temperature, and then concentrated under reduced pressure. 
The residue thus obtained was subjected to silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate ( = 3 : 1 ) eluate was concentrated under 
reduced pressure to give a pale yellow oil (101 mg) . 

To a methanol (6 ml) solution of the resulting pale 
yellow oil (101 mg) were added 30% aqueous hydrogen 
peroxide (3 ml) and hexaammonium heptamolybdate 
tetrahydrate (41 mg) under ice cooling. After the reaction 
mixture was stirred at room temperature for 16 hours, 
methanol was distilled off under reduced pressure. To the 
residue thus obtained was added ethyl acetate. The 
resulting mixture was washed sequentially with saturated 
sodium bicarbonate, an aqueous solution of sodium 
thiosulfate and brine, dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=3:l eluate was concentrated 
under reduced pressure to give the title compound (90 mg, 
0.180 mmol, 35%) as a white solid. The solid thus obtained 
was washed with ether - hexane and collected by filtration 
to afford the title compound (64 mg) as a white powder. 
[1001] 
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1 H-NMR (4 00MHz, CDCI3) 5 : 1 . 87-1 . 98 (2H, m) , 3.39(3H,s), 
3.46(2H,q, J=6.1Hz) , 3 . 55 ( 2H, t , J=5 . 8Hz) , 

5.09 (lH,brt, J=5.3Hz) , 6.13(lH,s), 6 . 88-6 . 96 ( 1H, m) , 6.98- 
7.08(lH,m), 7.20(lH,s), 7 . 43 (2H, d, J=8 . 7Hz) , 7 . 50-7 . 57 ( 1H, m) , 
7 . 62 (2H, d, J=8 .7Hz) , 7.98(lH / s). 
mp: 146 to 148°C. 

Elemental Analysis for C22H20N2O3CI2F2S : Calculated: C, 52.70 ; 
H,4.02; N,5.59; Cl,14.14; F,7.58; S,6.40. Found: C, 52.72; 
H,3.95; N,5.78; CI, 14.14; F,7.75; S,6.54. 
[1002] 

Example 185: 5-Chloro-4- [ ( 4-chlorophenylthio) (2,5- 
dif luorophenyl) methyl] -2- (3, 4-dimethoxybenzylamino ) pyridine 
[1003] 

[Chemical formula 65] 



A dioxane (1.5 ml) solution of the 2, 5-dichloro-4- 
[ (4-chlorophenylthio) (2 , 5-dif luorophenyl ) methyl ] pyridine 
(218 mg, 0.523 mmol) obtained in Example 54 and 3,4- 

dimethoxybenzylamine (400 ul) was heated at 120°C for 3 
days in a sealed tube. The reaction mixture was cooled to 




[1004] 
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room temperature and then, concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate=4 : 1 eluate was concentrated 
under reduced pressure to give the title compound (140 mg, 
0.256 mmol, 49%) as an amorphous substance. 
[1005] 

1 H-NMR (400MHz, CDCl 3 ) 5: 3.86(3H,s) , 3.88 (3H,s) , 
4.42 (2H,d, J=5.6Hz) , 4 . 99 ( 1H, t , J=5 . 6Hz ) , 5.95(lH,s) , 
6.68 (lH,s) , 6.8 0-7.02 (6H,m) , 7.12-7.21 (4H,m) , 8.05 (1H, s) . 
MSm/z : 547 (M + +H) . 
[1006] 

Example 18 6: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -2- (3, 4-dimethoxybenzylamino) pyridine 
[1007] 

[Chemical formula 66] 




[1008] 

To a methanol (6 ml) solution of 5-chloro-4- [ ( 4- 
chlorophenylthio) (2, 5-dif luorophenyl) methyl] -2- (3, 4- 
dimethoxybenzylamino) pyridine (131 mg, 0.239 mmol) were 
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added 30% aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (31 mg) under ice cooling. 
After the reaction mixture was stirred at room temperature 
for 16 hours, methanol was distilled off under reduced 
pressure. Ethyl acetate was added to the residue thus 
obtained. The resulting mixture was washed sequentially 
with saturated sodium bicarbonate, an aqueous solution of 
sodium thiosulfate and brine, dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the 35% ethyl acetate/hexane eluate was 
concentrated under reduced pressure to give the title 
compound (75 mg, 0.129 mmol, 54%) as a white solid. The 
resulting white solid was washed with ether - hexane, and 
filtered to give the title compound as a white powder. 
[1009] 

1 H-NMR ( 4 0 0MHz , CDCI3 ) 5 : 3.89 (6H, s) , 4.4 8-4.51 (2H,m) , 5.08- 

5. 15 (lH,m) , 6. 12 (1H, s) , 6.85-7 . 05 (5H,m) , 7 .24 (1H, s) , 7.28- 

7.35(lH,m), 7.40(2H,d, J=8.5Hz) , 7 . 55 (2H, d, J=8 . 5Hz) , 

8 . 01 (1H, s) . 

mp: 204 to 206°C. 

Elemental Analysis for C27H22N2O4CI2F2S : Calculated: C, 55.97 ; 
H,3.83; N,4.83; CI, 12.24; F,6.56; S,5.53. Found: C, 56.05; 
H,3.82; N,4.87; CI, 12.30; F,6.60; S,5.73. 
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[1010] 

Example 187: 5-Chloro-4- [ (4-chlorophenylthio) (2, 5- 
dif luorophenyl) methyl] -2- [ (pyridin-4- 
ylmethyl) amino] pyridine 
[1011] 

[Chemical formula 67 ] 



A dioxane (1.5 ml) solution of the 2 , 5-dichloro-4- 
[ (4-chlorophenylthio) (2 , 5-dif luorophenyl ) methyl ] pyridine 
(229 mg, 0.550 mmol) obtained in Example 54 and 4- 
aminomethylpyridine (200 was heated at 120°C for 3 days 

in a sealed tube. The reaction mixture was cooled to room 
temperature and then concentrated under reduced pressure. 
The residue thus obtained was subjected to silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=l:3 eluate was concentrated under 
reduced pressure to give the title compound (37 mg, 0.07 6 
mmol, 14%) as an amorphous substance. 
[1013] 

X H-NMR (4 00MHz, CDC1 3 ) 5 : 4 . 55 (2H, d, J=6 . 1Hz) , 




[1012] 
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5.06 (lH,t, J=6.0Hz) , 5.94 (lH,s) , 6.61 (lH,s) , 6 . 90-7 . 09 ( 3H, m) , 
7.13-7.30 (6H,m) , 8.05 (1H, s) , 8 . 55 ( 2H, d, J=6 . 1Hz ) . 
MSm/z: 4 88 (M + +H) . 
[1014] 

Example 188: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -2- [ (pyridin-4- 
ylmethyl ) amino ] pyridine 
[1015] 

[Chemical formula 68] 



To a methanol (2 ml) solution of 5-chloro-4- [ ( 4- 
chlorophenylthio) ( 2 , 5-dif luorophenyl ) methyl ] -2- [ (pyridin-4- 
ylmethyl) amino] pyridine (35 mg, 0.072 mmol) were added 30% 
aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (23 mg) under ice cooling . 
After the reaction mixture was stirred at room temperature 
for 22 hours, methanol was distilled off under reduced 
pressure. Ethyl acetate was added the residue. The 
resulting mixture was washed sequentially with saturated 
sodium bicarbonate, an aqueous solution of sodium 




CI 



[1016] 
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thiosulfate and brine, dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the methanol : methylene chloride=l : 30 eluate was 
concentrated under reduced pressure to give a pale yellow 
solid. The resulting pale yellow solid was washed with 
ether - hexane and filtered to give the title compound (16 
mg, 0.031 mmol, 43%) as a white powder. 
[1017] 

^-NMR (4 00MHz, CDC1 3 ) 5: 4.63 ( 2H, dd, J=6 . 1 , 2 . 9Hz ) , 

5.20 (1H, t, J=6.4Hz) , 6.11 (1H, s) , 6 . 87-6 . 95 ( 1H, m) , 6. 99- 

7 .08 (lH,m) , 7 .25 (1H, s) , 7 .30 (2H, d, J=6. 0Hz) , 7 .35-7 . 40 (lH,m) , 

7.42 (2H,d, J=8.9Hz) , 7 .56 (2H, d, J=8. 9Hz) , 8 .02 (1H, s) , 

8.59 (2H,d, J=6.0Hz) . 

mp: 141 to 142°C. 

FAB-MS : 520.0465 (Calcd for C24H 18 02N3Cl2F2S : 520.0461). 
[1018] 

Example 18 9: N- [3- [ [5-Chloro-4- [ (4-chlorophenylsulf onyl) - 
(2, 5-dif luorophenyl) methyl ] pyridin- 2- 
yl] amino] propyl ] methanesulf onamide 
[1019] 

[Chemical formula 69] 
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[1020] 

To a methylene chloride solution (5.0 ml) of the N- 

[5-chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] propane-1 , 3-diamine 
dihydrochloride (60 mg, 0.107 mmol) obtained in Example 173 
were added triethylamine (70 0.05 mmol) and 

methanesulf onyl chloride (10 pi, 0.13 mmol). The resulting 
mixture was stirred for 20 minutes. To the reaction 
mixture was added ether (50 ml) . The resulting mixture was 
washed with water and brine, dried and concentrated under 
reduced pressure. The residue thus obtained was purified 
by silica gel chromatography (hexane : ethyl acetate=2:l) to 
give the title compound (60 mg, 99%). The resulting 
compound was crystallized in ethanol to afford a white 
solid (46 mg) . 

[1021] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 . 86 (2H, quint, J=6.0Hz) , 2 . 95 (3H, s) , 
3.21 (2H,q, J=6.0Hz) , 3 . 55 (2H, q, J=6 . 0Hz) , 4.99(lH,br) , 
5. 65 (lH,br) , 6. 11 (1H, s) , 6. 91 (lH,m) , 7. 03 (lH,m) , 7 .29 (1H, s) , 
7.4 4 (2H,d, J=8.8Hz) , 7.49(lH,m) , 7.60 ( 2H, d, J=8 . 8Hz ) , 
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8.00(lH,s) . 

mp: 138 to 139°C. 

Elemental Analysis for C 2 2H2iCl2F 2 N30 4 S2 : Calculated: C, 46.81 ; 
H,3.75; N,7.44; S, 11.36.; F,6.73; CI, 12.56; Found: C, 46.81; 
H,3.72; N,7.43; S, 11.39; F,6.80; Cl, 12.41. 
[1022] 

Example 190: 1- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
di f luorophenyl ) methyl ] pyridin-2-yl ] tetrahydropyr imidin-2- 
one 
[1023] 

[Chemical formula 70] 




[1021] 

To a methylene chloride solution (5.0 ml) of the N- 
[5-chloro-4- [ (4-chlorophenylsulf onyl) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] propane- 1 , 3 -diamine 
dihydrochloride (51 mg, 0.091 mmol) obtained in Example 173 
were added triethylamine (51 pi, 0.36 mmol) and 1,1'- 
carbonyldiimidazole (16.2 mg, 0.10 mmol). The resulting 
mixture was stirred for 17 hours. To the reaction mixture 
was added ethyl acetate (80 ml) . The resulting mixture was 
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washed with water and brine, dried and concentrated under 
reduced pressure. The residue thus obtained was dissolved 
in dimethyl formamide (1.0 ml). To the resulting solution 
was added potassium carbonate (27.2 mg, 0.2 mol), followed 

by stirring under heat at 50°C for 24 hours. After cooling 
to room temperature, water was added to the reaction 
mixture. The resulting mixture was diluted with ethyl 
acetate (60 ml). The organic layer obtained by separation 
was washed with brine, dried and concentrated under reduced 
pressure. The residue thus obtained was purified by silica 
gel chromatography (hexane : ethyl acetate=l:2) to give the 
title compound (15 mg, 99%) as a white solid. 
[1025] 

"Vh-NMR (4 00MHz, CDCI3) 5 : 2.12(2H,m) , 3.4 6 (2H,m) , 3.99 (2H,m) , 

5.22 (1H, br) , 6.2 6 (1H, s) , 6. 96 (lH,m) , 7 . 03 (lH,m) , 

1 .43 (2H,d, J=8 . 8Hz) , 7 . 68 (lH,m) , 7 .76 (2H,d, J=8 . 8Hz) , 

8.23(lH,s) , 8.93(lH,s) . 

MSm/z: 512 (M + +H) . 

mp: >2 30°C. 
[1026] 

Example 191: t-Butyl 2- [ [5-chloro-4- [ ( 4-chlorophenylthio) - 

(2, 5-dif luorophenyl) methyl] pyridin-2- 
yl] amino] ethylcarbamate 

[1027] 

[Chemical formula 71] 




[1028] 

A 1,4-dioxane (6.0 ml) solution of the 2 , 5-dichloro- 
4- [ (4-chlorophenylthio) - (2, 5-dif luorophenyl) methyl] pyridine 
(610 mg, 1.4 6 mmol) obtained in Example 54 and t-butyl (2- 
aminoethyl) carbamate (700 mg, 4.38 mmol) was stirred at 
120°C for 4 days under an argon atmosphere. After cooling 
to room temperature, the reaction mixture was concentrated 
under reduced pressure. The residue was purified by silica 
gel chromatography (hexane : ethyl acetate=4:l) to give the 
title compound (176 mg, 22%) as an oil. 
[1029] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1.43 (9H,s) , 3.36(2H,m) , 3.42 (2H,m) , 
5.01 (lH,br) , 5. 12 (lH,br) , 5. 95 (1H, s) , 6. 90-7 . 04 (2H,m) , 
7.13 (lH,m) , 7 .21 (2H, d, J=8 . 4Hz) , 7 .23 (2H,d, J=8 . 4Hz) , 
8.00 (1H, s) . 
MSm/z: 54 0 (M + +H) . 
[1030] 

Example 192: t-Butyl 2- [ [ 5-chloro-4- [ ( 4- 

chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl ] pyridin- 2- 
yl] amino] ethylcarbamate 
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[1031] 



[Chemical formula 72] 




CI 



F 



CI 



[1032] 



To a methanol (6 ml) solution of t-butyl 2-[[5- 
chloro-4- [ (4-chlorophenylthio) - (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amino] ethylcarbamate 
(17 6 mg, 0.32 mmol) was added hexaammonium heptamolybdate 
tetrahydrate (30 mg) , followed by further addition of 30% 
aqueous hydrogen peroxide (3 ml) . The resulting mixture 
was stirred for 20 hours. After the reaction mixture was 
diluted with ethyl acetate (80 ml), the diluted mixture was 
washed with water and brine, and concentrated under reduced 
pressure. The residue thus obtained was purified by silica 
gel chromatography (hexane : ethyl acetate=3:l) to give the 
title compound (148 mg, 81%) as an oil. 
[1033] 

1 H-NMR( 4 00MHz, CDC1 3 ) 5: 1 .45 (9H, s) , 3.39 (2H,m) , 3 . 49 (2H,m) , 
5.03 (IH.br) , 5.2 9 (lH,br) , 6. 12 (1H, s) , 6. 91 (lH,m) , 
7 .03 (lH,m) , 7 .24 (1H, s) , 7 .43 (2H,d, J=8. 8Hz) , 7 .52 (lH,m) , 
7.61 (2H,d, J=8.8Hz) , 7.98 (lH,s) . 
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MSm/z: 572 <M + +H) . 
[1034] 

Example 193: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) - (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] ethane- 1 , 2-diamine 
dihydrochloride 
[1035] 

[Chemical formula 73] 




[1036] To t-butyl 2- [ [ 5-chloro-4- [ ( 4- 

chlorophenylsulfonyl) - (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amino] ethylcarbamate (146 mg, 0.25 mmol) was added a 20% 
hydrochloric acid - methanol solution (1 ml) . The 
resulting mixture was stirred for 1 hour. The residue 
obtained by concentrating the reaction mixture under 
reduced pressure was crystallized from ethanol to give the 
title compound (106 mg, 76%) . 
[1037] 

'H-NMR (4 00MHz, DMSO-de) 5: 2 . 99 (2H,m) , 3.51 (2H,m) , 6. 17 (1H, s) , 
7.28(lH,m), 7.38(lH,m), 7.39(lH,s), 7.52(lH,m), 
7.69 (2H,d, J=8.8Hz) , 7 . 7 5 (2H, d, J=8 . 8Hz) , 8.04 (lH,s) . 
mp: 163 to 166°C. 
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Elemental Analysis for C 2 oHi7Cl2F2N 3 02S-2HCl-0 . 5H 2 0: 
Calculated: C, 43.34; H,3.64; N,7.58; S,5.78; Cl, 25.59; 
F,6.86. Found: C, 43.32; H,3.55; N,7.67; S,5.83; Cl, 25.84; 
F, 6.87. 
[1038] 

Example 194: 3- [5-Chloro-4- [ ( 4-chlorophenylthio) (2, 5- 
dif luorophenyl ) methyl]pyridin-2-ylamino] -2, 2- 
dimethylpropan-l-ol 
[1039] 

[Chemical formula 74] 



A dioxane (1.5 ml) solution of the 2 , 5-dichloro-4- 
[ (4-chlorophenylthio) (2 , 5-dif luorophenyl ) methyl ] pyridine 
(191 mg, 0.458 mmol) obtained in Example 54 and 3-amino- 
2, 2-dimethylpropan-l-ol (515 mg, 5.00 mmol) was heated at 
120°C for 3 days in a sealed tube. The reaction mixture 
was cooled to room temperature and then, concentrated under 
reduced pressure. Ethyl acetate was added to the residue. 
The resulting mixture was washed sequentially with water 
and brine, dried over anhydrous sodium sulfate, and 




Cl 



[1040] 
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filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=3 : 1 eluate was concentrated 
under reduced pressure to give the title compound (199 mg, 
0.412 mmol, 90%) as an amorphous substance. 
[1041] 

1 H-NMR ( 4 0 0MHz , CDCI3) 5 : 0.91 (6H,s) , 3.12-3.28 (4H,m) , 
4.73 (1H, t, J=6.4Hz) , 4 . 87 (lH,brs) , 5. 92 (1H, s) , 6. 62 (1H, s) , 
6.92-7.07 (2H,m) , 7.16-7.32 (5H,m) , 7.96 (lH,m) . 
MSm/z: 483 (M + +H) . 
[1042] 

Example 195: 3- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-ylamino] -2, 2- 
dimethylpropan-l-ol 
[1043] 

[Chemical formula 75] 




[1044] 

To a methanol (6 ml) solution of 3- [ 5-chloro-4- [ ( 4- 
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chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
ylamino] -2, 2-dimethylpropan-l-ol (188 mg, 0.389 mmol) were 
added 30% aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (35 mg) under ice cooling. 
After the resulting mixture was stirred at room temperature 
for 13 hours, methanol was distilled off under reduced 
pressure. To the residue thus obtained was added ethyl 
acetate. The resulting mixture was washed sequentially 
with saturated sodium bicarbonate, an aqueous solution of 
sodium thiosulfate and brine, dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to silica gel column chromatography/ The fraction obtained 
from the hexane: ethyl acetate=3:l eluate was concentrated 
under reduced pressure to give a white solid. The 
resulting white solid was solidified with ether - hexane, 
washed and collected by filtration to afford the title 
compound (156 mg, 0.303 mmol, 78%) as a white powder. 
[1045] 

1 H-NMR (400MHz, CDCI3) 5 : 0 . 94 (3H, s) , 0 . 95 (3H, s) , 

3.20 (2H,d, J=6. 6Hz) , 3.27 (2H, d, J=7 . 1Hz) , 4.68 (lH,brs) , 

4.94 (lH,t, J=6.9Hz) , 6.09(lH,s) , 6 . 8 6- 6 . 95 ( 1H, m) , 7.00- 

7 .09 (lH,m) , 7 .29 (1H, s) , 7 .40-7 .52 (3H,m) , 7 . 60 (2H,d, J=8 . 6Hz) , 

7.94 (lH,s) . 

mp: 176 to 178°C 
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Elemental Analysis for C23H22N2O3CI2F2S : Calculated: C, 53.60; 
H,4.30; N,5.44; 01,13.76; F,7.37; S,6.22. Found: C, 53.50; 
H,4.26; N,5.44; CI, 13.78; F,7.31; S,6.30. 
[1046] 

Example 196: [ 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] pyridin-2-yl] amine 
[1047] 

[Chemical formula 76] 



To an acetonitrile (4 ml) /water (1 ml) mixed solution 
of the 5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -2- (3, 4 -dimethoxybenzyl amino) pyridine 
(43 mg, 0.074 mmol) obtained in Example 186 was added 
cerium (IV) diammonium nitrate (100 mg) under ice cooling. 
The resulting mixture was stirred for 1.5 hours. To the 
reaction mixture was added saturated sodium bicarbonate, 
followed by extraction with methylene chloride. The 
organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 




CI 



[1048] 



pressure. The residue thus obtained was purified by silica 
gel thin-layer chromatography (hexane : ethyl acetate=3:l) to 
give the title compound (12 mg, 0.028 mmol, 38%) as a pale 
yellowish white powder. 
[1049] 

1 H-NMR (400MHz, CDCI3) 5 : 4 . 65 (2H, brs ) , 6.13(lH,s), 6.89- 
6.98(lH,m), 7 . 00-7 . 09 (lH,m) , 7.33(lH,s), 7 . 4 4 ( 2H, d, J=8 . 8Hz ) , 
7.49-7.57 (lH,m) , 7 . 62 (2H,d, J=8.8Hz) , 7.99 (1H, s) . 

mp: 147 to 150°C. 
MSm/z: 42 9 (M + +H) . 

Elemental Analysis for C18H12N2O2CI2F2S : Calculated: C, 50.36; 
H,2.82; N,6.53; CI, 16.52; F,8.85; S,7.47. Found: C, 50.46; 
H,2.68; N,6.63; CI, 16.42; F,9.00; S,7.66. 
[1050] 

Example 197: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] methanesulf onamide 
[1051] 

[Chemical formula 77] 




CI 



CI 
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[1052] 

To a pyridine (2 ml) solution of the [ 5-chloro-4- [ (4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amine (106 mg, 0.247 mmol) obtained in Example 196 was 
added methanesulf onyl chloride (29 pi, 0.370 mmol) under ice 
cooling. The resulting mixture was stirred at room 
temperature for 3 days and concentrated under reduced 
pressure. To the residue thus obtained was added ethyl 
acetate. The resulting mixture was washed sequentially 
with a saturated aqueous solution of sodium bicarbonate, 
water and brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate=3:l eluate was concentrated 
under reduced pressure to give the title compound (58 mg, 
0.114 mmol, 46%) as a white solid. The resulting white 
solid was washed with hexane - ether and collected by 
filtration to give the title compound (28 mg) as a white 
powder . 
[1053] 

X H-NMR (400MHz, CDCI3) 5 : 3.35 (3H, s) , 6.19(lH,s) , 6.90- 

6.99(lH,m) , 7.01-7.10 (lH,m) , 7.4 

2-7 .53 (3H,m) , 7 . 60-7 .70 (3H,m) , 7 .97 (1H, s) , 

8.32 (lH,s) . 
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mp: 220 to 222°C. 
MSm/z: 507 (M + +H) . 

FAB-MS: 506.9824 (cald for C19H15O4N2CI2F2S2 : 506.9818). 
Elemental Analysis for Ci 9 Hi 4 N204Cl 2 F2S2 : Calculated: C, 44 .98 ; 
H,2.78; N,5.52; CI, 13.98; F,7.49; S, 12.64. Found: C, 45.35; 
H,2.85; N,5.63; CI, 13.49; F,7.34; S, 12.69. 
[1054] 

Referential Example 35: 5-Fluoropyridine-2-carbonitrile 
[1055] 

[Chemical formula 78] 



To hydrogen fluoride - pyridine (100 ml) was added 5- 
amino-2-cyanopyridine (24.5 g, 0.206 mol) under ice cooling. 
The resulting mixture was stirred for 10 minutes. To the 
reaction mixture was added sodium nitrite (15.6 g, 0.226 
mol) . The resulting mixture was stirred at room 
temperature for 10 minutes, and then stirred at 50°C for 2 
hours. To the reaction mixture was added a 20% aqueous 
solution of sodium hydroxide. The resulting mixture was 
extracted with diethyl ether. The organic layer thus 
obtained was dried over sodium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was 




[1056] 
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subjected to silica gel column chromatography. The 
fraction obtained from the hexane : ethyl acetate=3:l eluate 
was concentrated under reduced pressure to give the title 
compound (16.0 g, 0.131 mmol, 64%) as colorless needle 
crystals . 
[1057] 

X H-NMR (4 00MHz, CDC1 3 ) 5 : 7 . 57 (1H, ddd, J=8 .6,8.6,3. 1Hz) , 
7 .77 (1H, dd, J=8. 6, 4 . 4Hz) , 8 . 60 (1H, d, J=3 . 1Hz) . 

IR (ATR) cm -1 : 3095, 2237, 1577, 1467, 1409, 1375, 1272, 1240, 
1197, 1120, 1010. 
MSm/z : 122 (M + ) . 

EI-MS: 122.0293 (Calcd for C 6 H 3 FN 2 : 122.0280). 
[1058] 

Referential Example 36: 2- (1, 3-dioxolan-2-yl ) -5- 

f luoropyridine 

[1059] 

[Chemical formula 79] 




[1060] 

Diisobutylaluminum hydride (a 1.01M hexane solution, 
58 ml, 58.9 mmol) was added dropwise to a dichloromethane 
(150 ml) solution of 5-f luoropyridine-2-carbonitrile (6.54 
g, 53.8 mmol) at -75°C under an argon atmosphere. The 
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reaction mixture was stirred for 3 hours. At the same 
temperature, hydrochloric acid (80 ml) (concentrated 
hydrochloric acid : water=l : 3 ) was added, followed by heating 
to room temperature. From the reaction mixture, a 
dichloromethane layer was separated. To the water layer 
was then added sodium bicarbonate. The resulting mixture 
was extracted with diethyl ether. The organic layer thus 
obtained was dried over magnesium sulfate, and concentrated 
under reduced pressure. The dichloromethane layer obtained 
previously was washed with water, dried over magnesium 
sulfate, and concentrated under reduced pressure. 

To a benzene (150 ml) solution of the combined 
residues were added p-toluenesulf onic acid monohydrate 
.'(1.02 g, 5.36 mmol) and ethylene glycol (30 ml, 0.53 6 mol).. 
Under heating under reflux, the resulting mixture was 
stirred for 2 hours. After cooling, a saturated aqueous 
solution of sodium bicarbonate was added and the resulting 
mixture was extracted with diethyl ether. The extract was 
washed with brine. The organic layer thus obtained was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=4 : 1 eluate was 
concentrated under reduced pressure to give the title 
compound (3.33 g, 19.7 mmol, 37%) as a reddish brown oil. 
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[1061] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4 . 02-4 . 21 (4H, m) , 5.85(lH,s) , 
7.45<lH,ddd, J=8.3, 8.3,2.9Hz) , 7.57 (1H, dd, J=8 . 3, 4 . 5Hz) , 
8.48 (lH,d, J=2.9Hz) . 
MSm/z: 170 (M + +H) . 
[1062] 

Referential Example 37: 4- [ (2, 5- 

Dif luorophenyl) hydroxymethyl] -2- (1, 3-dioxolan-2-yl ) -5- 

f luoropyridine 

[1063] 

[Chemical formula 80] 



Lithium diisopropylamide (a 1 . 8M heptane solution, 12 
ml, 21.5 mmol) was added to a tetrahydrof uran (100 ml) 
solution of 2- (1, 3-dioxolan-2-yl) -5-f luoropyridine (690 mg, 
4.08 mmol) at -75°C under an argon atmosphere. The 
resulting mixture was stirred for 2 hours. To the reaction 
mixture was added dropwise 2 , 5-dif luorobenzaldehyde (2.1 ml, 
19.5 mmol), followed by stirring for 2.5 hours. To the 
reaction mixture were added water and a saturated aqueous 
solution of sodium bicarbonate. The resulting mixture was 




[1064] 
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extracted with diethyl ether. The extract was washed with 
brine. The organic layer thus obtained was dried over 
magnesium sulfate and concentrated under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate ( = 3 : 1 ) eluate was concentrated under 
reduced pressure to give the title compound (2.53 g, 8.03 
mmol, 73%) as a white powder. 
[1065] 

1 H-NMR (400MHz, CDCI3) 5 : 2 . 65 (1H, d, J=4 . 6Hz) , 4 . 05-4 .21 (4H,m) , 
5.84(lH,s) , 6.35(lH,d, 

J=4 . 6Hz) , 6.9 6-7 . 05 (2H,m) , 7 . 09-7.26 (lH,m) , 
7.76 (lH,d, J=5.9Hz) , 8 . 40 ( 1H, d, J=l . 5Hz) . 
MSm/z: 312 (M + +H) . 
[1066] 

Example 198: 4- [ (4-Chlorophenylthio) (2,5- 

dif luorophenyl) methyl] -2 - (1, 3-dioxolan-2-yl ) -5- 

f luoropyridine 

[1067] 

[Chemical formula 81] 
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CI 

[1068] 

Under an argon atmosphere, triethylamine (1.7 ml, 
12.0. mmol) and methanesulf onyl chloride (850 jjlI, 10.4 mmol) 
were added to a dichloromethane solution (30 ml) of 4- 
[ (2, 5-dif luorophenyl) hydroxymethyl] -2- (1, 3-dioxolan-2-yl ) - 
5-f luoropyridine (2.5 g, 8.03 mmol) under ice cooling. The 
resulting mixture was stirred at room temperature for 2 
hours. A saturated aqueous solution of sodium bicarbonate 
was added to the reaction mixture, followed by extraction 
with diethyl ether. The extract was washed with brine, 
dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. 

To a dimethyl formamide (20 ml) solution of the 
residue were added 4-chlorobenzenethiol (1.39 g, 9.64 mmol) 
and potassium carbonate (1.66 g, 12.0 mmol). The resulting 
mixture was stirred at 50°C for 3 hours. After cooling to 
room temperature, the reaction mixture was diluted with 
diethyl ether. The diluted solution was washed 
sequentially with water and brine. The organic layer thus 
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obtained was dried over sodium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was 
subjected to flash silica gel column chromatography. The 
fraction obtained from the hexane : ethyl acetate (=4:1) 
eluate was concentrated under reduced pressure to give th 
title compound (2.86 g, 5.85 mmol, 81%) as a yellow oil. 
[1069] 

■""H-NMR (40.0MHz, CDCI3) 5 : 4.06-4.18 (4H,m) , 5.82(lH,s) , 
5.94 (lH,s) , 6.96-7.03 (2H,m) , 7.2 

0-7.28 (5H,m) , 7.71 (lH,d, J=5. 9Hz) , 8 .38 (1H, d, J=1.2Hz) . 
MSm/z: 438 (M + +H) . 
[1070] 

Example 199: 4- [ ( 4-Chlorophenylsul f onyl ) (2, 5- 
dif luorophenyl) methyl] -2- (1, 3-dioxolan-2-yl ) -5- 
f luoropyridine 
[1071] 

[Chemical formula 82] 



F 




CI 



[1072] 



To a methanol (50 ml) solution of 4-[(4- 
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chlorophenylthio) (2, 5-dif luorophenyl) methyl] -2- (1,3- 
dioxolan-2-yl) -5-fluoropyridine (2.80 g, 6.39 mmol) were 
added hexaammonium heptamolybdate tetrahydrate (200 mg) and 
30% aqueous hydrogen peroxide (30 ml) . The resulting 
mixture was stirred for 3 hours. Water was added do the 
reaction mixture. The solid thus precipitated was 
collected by filtration and then, washed with water. The 
resulting solid was dissolved in ethyl acetate. The 
resulting solution was washed with water and brine. The 
organic layer was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate (=3:1) eluate was concentrated under 
reduced pressure to give the title compound (1.39 g, 2.96 
mmol, 46%) as a white powder. 
[1073] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4.0 8-4.2 8 (4H,m) , 4.08-4 .2 8 (4H,m) , 
5.88 (lH,s) , 6.10 (lH,s) , 6 . 94-7 . 00 ( 1H, m) , 7 . 03-7 . 10 ( 1H, m) , 
7.43(2H,d, J=8.3Hz) , 7 . 62 ( 2H, d, J=8 . 3Hz ) , 7 . 66-7 . 7 0 ( 1H, m) , 
8 . 17 (lH,d, J=5. 9Hz) , 8 .41 (1H, s) . 
MSm/z: 470 (M + +H) . 
[1074] 

Example 200: [4- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 

dif luorophenyl) methyl] -5- fluoropyridin-2-yl ] carbaldehyde 

[1075] 
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[Chemical formula 83] 




CI 

[1076] 

To a 1,4-dioxane (40 ml) solution of 4-[(4- 
chlorophenylsulfonyl) (2, 5-clif luorophenyl ) methyl ] -2- (1, 3- 
dioxolan-2-yl) -5-f luoropyridine (2.60g, 5.53 mmol) was 
added concentrated hydrochloric acid (20 ml) . The 
resulting mixture was stirred at room temperature for 5 
hours. The solvent was concentrated under reduced 
pressure. To the residue was added ethyl acetate. The 
resulting mixture was washed sequentially with water, a 
saturated aqueous solution of sodium bicarbonate and brine. 
The organic layer thus obtained was dried over magnesium 
sulfate, and concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate (=3:1) eluate was concentrated under 
reduced pressure to give the title compound (1.86 g, 4.37 
mmol, 7 9%) as a white powder. 
[1077] 
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1 H-NMR (400MHz, CDCI3) 5 : 6.13 (lH,s), 6 . 93- 6 . 99 ( 1H, m) , 7.05- 
7.10(lH,m), 7.45(2H, d,J=7.8Hz), 7 . 65 (2H, d, J=7 . 8Hz ) , 7.70- 
7.75(lH,m), 8.59(lH,s), 8.60(lH,s), 10.06(lH,s). 
MSm/z: 426 (M + +H) . 
[1078] 

Example 201: 4- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] -5-f luoropicolinic acid 
[1079] 

[Chemical formula 84] 

F 

COOH 

F0=S=0 




CI 



[1080] 

To a formic acid (10 ml) solution of [4-[(4- 
chlorophenylsulfonyl) (2, 5-difluorophenyl)methyl] -5- 
f luoropyridin-2-yl] carbaldehyde (700 mg, 1.64 mmol) were 
added 30% aqueous hydrogen peroxide (562 ul, 4.93 mmol). 
The resulting mixture was stirred at room temperature for 
2.5 hours. Water was added to the reaction mixture. The 
solid thus precipitated was collected by filtration and 
washed with water. The resulting solid was dissolved in 
ethyl acetate. The resulting solution was washed 
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sequentially with a saturated aqueous solution of ammonium 
chloride, water and brine. The organic layer thus obtained 
was dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was 
recrystallized from ethanol to give the title compound (656 
mg, 1.48 mmol, 91%) as a white powder. 
[1081] 

1 H-NMR (400MHz, CDCI3) 5 : 6.14 (lH,s) , 6 . 93-7 . 00 ( lH,m) , 7.05- 

7 .11 (lH,m) , 7 .46 (2H,d, J=8 . 6Hz) , 7 . 67 (2H,d, J=8 . 6Hz) , 7.75- 

7.79 (lH,m) , 8.47 (lH,s) , 8 . 85 ( 1H, d, J=5 . 6Hz ) . 

IR (ATR) cm" 1 : 3288, 2942, 1751, 1722, 1693, 1608, 1575, 

1492, 1398, 1326, 1290, 1241, 1182, 1147, 1089, 1043, 1014) 

mp: 208 to 209°C. 
MSm/z: 4 42 (M + +H) . 

Elemental Analysis for C19H11CIF3NO4S • 0 . 75H 2 0: Calculated: 
C, 50.12; H,2.77; CI, 7.79; F, 12.52; N,3.08; S,7.04. Found: 
C, 50.49; H,2.97; CI, 7. 53; F, 12.02; N,3.11, S,6.89. 
[1082] 

Example 202: t-Butyl [ 4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -5-f luoropyridin-2-yl ] carbamate 
[1083] 

[Chemical formula 85] 
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F 

FO=S=0 H 
CI 

[1084] 

Under an argon atmosphere, diphenylphosphoryl azide 
(162 ill, 0.762 mmol) and triethylamine (151 1.09 mmol) 

were added to a solution of 4- [-chlorophenylsulf onyl) (2,5- 
dif luorophenyl) methyl] -5-f luoropicolinic acid (240 mg, 
0.543 mmol) in a mixture of t-butanol (2 ml) and toluene (5 
ml) . The reaction mixture was heated under reflux for 15 
hours. After cooling, ethyl acetate was added to the 
reaction mixture. The resulting mixture was washed 
sequentially with a saturated aqueous solution of sodium 
bicarbonate and brine. The organic layer thus obtained was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate (=4 : 1 ) eluate was 
concentrated under reduced pressure to give the title 
compound (181 mg, 0.353 mmol, 65%) as a white powder. 
[1085] 

1 H-NMR (400MHz, CDCI3) 5 : 1.57(9H,s), 6.07(lH,s), 6.93- 
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6.99(lH,m), 7 . 02-7 . 08 (lH,m) , 7 . 43 (2H, d, J=8 . 6Hz) , 
7.49 (lH,brs) , 7 . 70 (2H, d, J=8 . 6Hz) , 7 . 71-7 . 75 ( 1H, m) , 
8 . 04 (1H, s) , 8 . 65 (1H, d, J=4 . 9Hz) . 
MSm/z: 442 (M + -tBu+2H) . 
[1086] 

Example 203: [4- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] -5-f luoropyridin-2-yl ] amine 
[1087] 

[Chemical formula 86] 




CI 



[1088] 

To an ethanol (5 ml) solution of t-butyl [4-[(4- 
chlorophenylsulf onyl ) (2, 5-dif luorophenyl ) methyl ] -5- 
f luoropyridin-2-yl ] carbamate (170 mg, 0.331 mmol) was added 
concentrated hydrochloric acid (5 ml) . The resulting 
mixture was stirred at room temperature for 2 hours. The 
reaction mixture was concentrated under reduced pressure. 
To the residue thus obtained was added a saturated aqueous 
solution of sodium bicarbonate, followed by extraction with 
ethyl acetate. The organic layer was washed with brine, 
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dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was 
recrystallized from hexane : ethyl acetate to give the title 
compound (110 mg, 0.266 mmol, 81%) as a pale violet powder. 
[1089] 

1 H-NMR ( 4 0 OMH z , CDC 1 3 ) 5: 4 . 51 (2H, s) , 5. 99 (1H, s) , 6. 92- 

6. 97 (lH,m) , 7 . 02-7 . 08 (lH,m) , 7.16 (1H, d, J=4 . 6Hz) , 

7 .44 (2H, d, J=8 . 6Hz) , 7 . 61-7 . 65 (lH,m) , 7 . 63 (2H, d, J=8 . 6Hz) , 

7.86(lH,s) . 

IR(ATR) crrf 1 : 3645, 3174, 1631, 583, 1565, 1496, 1427, 1396, 
1330, 1278, 1236, 1178, 1151, 1085, 1014. 

mp: 181 to 18 3°C. 
MSm/z: 413 (M + +H) . 

Elemental Analysis for C18H12CIF3N2O2S : Calculated: C, 52.37 ; 
H,2.93; CI, 8.59; F, 13.81; N,6.79; S,7.77. Found: C, 52.09; 
H,2.88; CI, 8.57; F, 13.54; N,6.90; S,7.81. 
[1090] 

Example 204: N- [4- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] -5- f luoropyridin-2- 
yl ] methanesul f onamide 
[1091] 

[Chemical formula 87] 
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CI 



[1092] 

Under ice cooling, methanesulf onyl chloride (12 
0.157 mmol) was added to a methylene chloride (5 ml) 
solution of [4- [ { 4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl ) methyl ] -5-f luoropyridin-2-yl ] amine (54 mg, 
0.131 mmol) and pyridine (16 yl, 0.197 mmol). The 
resulting mixture was stirred at room temperature for 7 
hours, followed by the addition of pyridine (16 yl, 0.197 
mmol) and methanesulf onyl chloride (12 0.157 mmol). 

After the reaction mixture was stirred at room temperature 
for 17 hours, pyridine (16 pi, 0.197 mmol) and 
methanesulf onyl chloride (12 jil, 0.157 mmol) were added 
thereto. The resulting mixture was stirred at room 
temperature for 2 hours and then, pyridine (16 0.197 
mmol) and methanesulf onyl chloride (12 \xl, 0.157 mmol) were 
added thereto. After the resulting mixture was stirred at 
room temperature for 21 hours, pyridine (16 0.197 mmol) 

and methanesulf onyl chloride (12 0.157 mmol) were added 
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thereto. The resulting mixture was stirred at room 
temperature for 2 hour and then, concentrated under reduced 
pressure. To the residue thus obtained was added ethyl 
acetate. The resulting mixture was washed with a saturated 
aqueous solution of sodium bicarbonate, dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=2:1) eluate was concentrated under 
reduced pressure to give the title compound (54 mg, 0.110 
mmol, 84%) as a white solid. The resulting white solid was 
washed with hexane - ether, and collected by filtration to 
afford the title compound as a white powder. 
11093] 

1 H-NMR(400MHz / CDCl 3 ) 5: 3.30(3H,s) , 6.06(lH,s) , 6.90- 
6. 99 (lH,m) , 7 .02-7 . 10 (lH,m) , 7 . 4 6 ( 2H, d, 8 . 8Hz ) , 7.58- 
7 . 69 (3H,m) , 7 .8 3-7 . 91 (2H,m) , 8 .21 (1H, s) . 

mp: 217 to 219°C. 
MSm/z: 490 (M + ) . 

EI-MS: 490.0008 (calculated as C19H14O4N2CIF3S2 : 490.0036). 
Elemental Analysis for C19H14N2O4CIF3S2 : Calculated: C, 46.49; 
H,2.87; N,5.71; CI, 7.22; F, 11.61; S, 13.06. Found: C, 46.90; 
H,2.95; N,5.78; CI, 7.33; F, 11.56; S, 13.04. 
[1094] 
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Referential Example 38: ( 4-Bromo-5-methylpyridin-2- 

yl ) methanol 

[1095] 

[Chemical formula 88] 



Br 




[1096] 

Under an argon atmosphere, trif luoroacetic anhydride 
(20.6 ml, 0.146 mol) was added to a dichloromethane 
solution (100 ml) solution of 4-bromo-2 , 5-dimethylpyridine 
1-oxide (9.8 g, 48.5 mmol) under ice cooling. The 
resulting mixture was stirred for 20 minutes and then, 
stirred at room temprerature for 7.5 hours. The reaction 
mixture was concentrated under reduced pressure. To a 
dichloromethane solution (50 ml) of the residue was added a 
saturated aqueous solution (100 ml) of sodium bicarbonate. 
The resulting mixture was stirred for 14 hours. The 
reaction mixture was extracted with dichloromethane. The 
extract was dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate (=1:1) 
eluate was concentrated under reduced pressure to give the 
title compound (8.17 g, 40.4 mmol, 83%) as a yellow powder. 
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[1097] 

X H-NMR (400MHz, CDCI3) 5 : 2 .38 (3H, s) , 3.42 (1H, s) , 4 .71 (2H, s) , 
7.48 (lH,s) , 8.35(lH,s) . 
MSm/z: 202 (M + +H) . 
[1098] 

Referential Example 39: 4-Bromo-2- [ (t- 
butyldimethylsilyloxy) methyl ] - 5-me thy lpyri dine 
[1099] 

[Chemical formula 89] 



Under a nitrogen atmosphere, imidazole (2.95 g, 43.3 
mmol) , 4-dimethylaminopyridine (481 mg, 3.94 mmol) and t- 
butylchlorodimethylsilane (6.53. g, 43.3 mmol) were added to 
a dichloromethane solution (100 ml) of (4-bromo-5- 
methylpyridin-2-yl ) methanol (7.96 g, 39.4 mmol) under ice 
cooling. The resulting mixture was stirred at room 
temperature for 1 hour. Water was added to the reaction 
mixture, followed by extraction with dichloromethane. The 
extract was dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 




[1100] 
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The fraction obtained from the hexane: ethyl acetate=4 : 1 
eluate was concentrated under reduced pressure to give the 
title compound (12.4 g, 39.4 mmol, quant.) as a pale yellow 
oil . 
[1101] 

1 H-NMR (4 00MHz, CDCl 3 ) 5: 0. 12 (6H, s) , 0 . 96 (9H, s) , 2 .36 (3H, s) , 
4 .78 (2H, s) , 7 . 67 (1H, s) , 8 .29 (1H, s) . 
MSm/z: 316 (M + +H) . 
[1102] 

Referential Example 40: 2- [ (t- 
Butyldimethylsilyloxy) methyl] -4- [(2,5- 
dif luorophenyl ) hydroxymethyl ] -5-methylpyridine 
[1103] 

[Chemical formula 90] 



Under an argon atmosphere, n-butyl lithium (a 1.58M 
hexane solution, 400 jjl, 0.632 mmol) was added to a diethyl 
ether (3 ml) solution of 4-bromo-2- [ ( t- 

butyldimethylsilyloxy) methyl] -5-methylpyridine (200 mg, 

0.632 mmol) at -78°C. The resulting mixture was stirred 
for 1 hour. After 2 , 5-dif luorobenzaldehyde (69 0.632 




[1104] 
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mmol) was added dropwise, the reaction mixture was stirred 
for 1 hour. To the reaction mixture were added water and a 
saturated aqueous solution of sodium bicarbonate, followed 
by extraction with diethyl ether. The extract was washed 
with brine. The organic layer thus obtained was dried over 
magnesium sulfate, and concentrated under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fracticpn obtained from the 
hexane: ethyl acetate=2 : 1 eluate was concentrated under 
reduced pressure to give the title compound (178 mg, 0.4 69 
mmol, 74%) as a white powder. 
[1105] 

1 H-3S1MR (4 00MHz, CDC1 3 ) 5: 0.06(3H,s) , 0.09(3H,s) , 0.91 (9H,s) , 
2 .26 (3H, s) , 2.52 (lH,brs) , 4.79 (2H, s) , 6.24 (1H, s) , 6. 95- 
7.10 (3H,m) , 7.58 (lH,s) , 8.27 (1H, s) . 
MSm/z: 380 (M + +H) . 
[1106] 

Example 205: 2- [ ( t-Butyldimethylsilyloxy) methyl ] -4- [ (4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] -5- 
methylpyridine 
[1107] 

[Chemical formula 91] 
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[1108] 

Under an argon atmosphere, triethylamine (4.41 ml, 
31.7 mmol) and methanesulf onyl chloride (2.2 ml, 27.4 mmol) 
were added to a dichloromethane solution (100 ml) of 2-[(t- 
butyldimethylsilyloxy) methyl] -4- [ (2, 5- 

dif luorophenyl) hydroxymethyl ] -5-methylpyridine (8.0 g, 21.1 
mmol) under ice cooling. The resulting mixture was stirred 
at room temperature for 50 minutes. A saturated aqueous 
solution of sodium bicarbonate was added to the reaction 
mixture, followed by extraction with diethyl ether. The 
extract was washed with brine, dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure. 

To a dimethylf ormamide (100 ml) solution of the 
residue thus obtained were added 4-chlorobenzenethiol (3.66 
g, 25.3 mmol) and potassium carbonate (4.38 g, 31.7 mmol). 

The resulting mixture was stirred at 50°C for 1.5 hours. 
After cooling to room temperature, the reaction mixture was 
diluted with diethyl ether. The diluted solution was 
washed sequentially with water and brine. The organic 
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layer thus obtained was dried over magnesium sulfate, and 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=5:l 
eluate was concentrated under reduced pressure to give the 
title compound (9.3 g, 18.4 mmol, 87%) as a pale yellow 
oil. 
[1109] 

^-NMR (400MHz, CDC1 3 ) 5: 0.04(3H,s), 0.08(3H,s), 0.91(9H,s), 
2.33(3H,s), 4 .77 (2H,d, J=4 .2Hz) , 5.83(lH,s), 6.92- 
7.00(2H,m), 7.20(4H,s), 7 . 33-7 . 38 ( 1H, m) , 7.56(lH,s), 
8 .29 (1H, s) . 
MSm/z: 50 6 (M + +H) . 
[1110] 

Example 206: [4- [ (4-Chlorophenylthio) (2,5- 

dif luorophenyl ) methyl ] -5-methylpyridin-2-yl ] methanol 

[1111] 

[Chemical formula 92] 



F 




OH 



F S 




CI 



[1112] 
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To a tetrahydrof uran solution (3 ml) of 2-[(t- 
butyldimethylsilyloxy) methyl] -4- [ ( 4-chlorophenylthio ) (2,5- 
difluorophenyl ) methyl ] -5-methylpyridine (200 mg, 0.395 
mmol) was added tetrabutylammonium fluoride (a 1 . 0M 
tetrahydrofuran solution, 593 yl, 0.593 mmol). The 
resulting mixture was stirred for 20 minutes. Water was 
added to the reaction mixture, followed by extraction with 
ethyl acetate. The organic layer was washed with brine, 
dried over anhydrous magnesium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was 
subjected to flash silica gel column chromatography. The 
fraction obtained from the hexane : ethyl acetate=3:l eluate 
was concentrated under reduced pressure to give the title 
compound (150 mg, 0.384 mmol, 97%) as a colorless oil. 
[1113] 

1 H-NMR(400MHz,CDCl 3 ) 5: 2.31 (3H,s) , 3.54 (lH,brs) , 
4.72 (2H,s) , 5.81 (lH,s) , 6.94-7.03 (2H,m) , 7.20 (4H,s) , 7.22- 
7 .28 (lH,m) , 7 . 33 (1H, s) , 8 .35 (1H, s) . 
MSm/z: 392 (M + +H) . 
[1114] 

Example 207: [4- [ ( 4-Chlorophenylsulf onyl) (2, 5- 
dif luorophenyl ) methyl ] -5-methylpyridin-2-yl ] methanol 
[1115] 

[Chemical formula 93] 
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FO=S=0 




[1116] 

To a methanol (150 ml) solution of [4- [(4- 
chlorophenylthio) (2, 5-dif luorophenyl) methyl] -5- 
methylpyridin-2-yl] methanol (6.5 g, 16.6 mmol) were added 
hexaammonium heptamolybdate tetrahydrate (500 mg) and 30% 
aqueous hydrogen peroxide (150 ml) . The resulting mixture 
was stirred for 23 hours. Water was added to the reaction 
mixture. The solid thus precipitated was collected by 
filtration, and then washed with water. The resulting 
solid was dissolved in ethyl acetate. The resulting 
solution was washed with water and brine. The organic 
layer was concentrated under reduced pressure. The residue 
thus obtained was subjected to silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=l : 1 eluate was concentrated under 
reduced pressure to give the title compound (4.0 g, 9.44 
mmol, 57%) as a white powder. 
[1117] 

1 H-NMR( 4 00MHz, CDC1 3 ) 5: 2.13 (3H, s) , 3.53 (lH,brs) , 
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4.80 (lH,d, J=14.4Hz) , 4 . 85 ( 1H, d, J=14 . 4Hz ) , 5.88(lH,s), 6.90- 
6.96 (lH,ra) , 7.01-7.07(lH,m) , 7 . 43 (2H, d, J=8 . 8Hz) , 
7.60 (2H,d, J=8.8Hz) , 7 . 60 ( 2H, d, J=8 . 8Hz ) , 7 . 63-7 . 67 ( lH,m) , 
7.93 (lH,s) , 8.36(lH,s) . 

IR(ATR) cm" 1 : 3179, 1604, 1573, 1492, 1427, 1394, 1349, 
1322, 1280, 1234, 1151, 1085, 039, 1010. 

mp: 196 to 198 °C . 
MSm/z : 424 (M + +H) . 

Elemental Analysis for C20H16CIF2NO3S : Calculated: C, 56.67; ; 
H,3.80; CI, 8.36; F,8.96; N, 3 . 30; . S, 7 . 56 . Found: C, 56.41; 
H,3.83; CI, 8.28; F,8.89; N,3.31; S,7.67. 
[1118] 

Example 208: [4-[ (4-Chlorophenylsulfonyl) (2,5- 

dif luorophenyl ) methyl ] -5-methylpyridin-2-yl ] carbaldehyde 

.[1119] 

[Chemical formula 94] 



Under a nitrogen atmosphere, dimethyl sulfoxide (164 
pi, 2.36 mmol) , triethylamine (329 ul, 2.36 mmol) and 




F0=S=0 




CI 



[1120] 
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sulfur trioxide pyridine complex (255 mg, 1.42 mmol) were 
added to a dichloromethane (5 ml) solution of [4- [(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] -5- 
methylpyridin-2-yl] methanol (200 mg, 0.472 mmol). The 
resulting mixture was stirred at room temperature for 16 
hours. The reaction mixture was concentrated under reduced 
pressure. The residue thus bobtained was subjected to 
flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=3 : 1 eluate was 
concentrated under reduced pressure to give the title 
compound (160 mg, 0.37 9 mmol, 8 0%) as a white powder. 
[1121] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 2 .29 (3H, s) , 5. 94 (1H, s) , 6. 92- 
6. 97 (lH,m) , 7. 02-7.08 (lH,m) , 7 .43 (2H, d, J=8 . 8Hz) , 
7 . 62 (2H,d, J=8 . 8Hz) , 7 . 70-7 . 75 ( lH,m) , 8 . 57 (1H, s) , 
8.59(lH,s) , 10.08 (lH,s) . 
MSm/z: 422 (M + +H) . 
[1122] 

Example 209: 4- [ (4-Chlorophenylsulf onyl) (2, 5- 
dif luorophenyl) methyl] -5-methylpicolinic acid 

[1123] 
[Chemical formula 95] 
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FO=S=0 
CI 

[1124] 

To a formic acid (3 ml) solution of [4-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] -5- 
methylpyridin-2-yl] carbaldehyde (150 mg, 0.356 mmol) was 
added 30% aqueous hydrogen peroxide (121 ul, 1.07 mmol). 
The resulting mixture was stirred at room temperature for 2 
hours. Water was added to the reaction mixture. The solid 
thus precipitated was collected by filtration and washed 
with water. The resulting solid was dissolved in ethyl 
acetate. The resulting solution was washed sequentially 
with water and brine. The organic layer thus obtained was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was 
recrystallized from ethanol to. give the title compound (140 
mg, 0.320 mmol, 90%) as a white powder. 
[1125] 

X H-NMR (400MHz, CDC1 3 ) 5: 2.33(3H,s), 5.96(lH,s), 6.92- 
6.98 (lH,m) , 7.02-7.0 8 (lH,s) , 7.4 4 ( 2H, d, J=8 . 6Hz ) , 
7.64(2H,d, J=8.6), 7 . 74-7 . 7 8 ( 1H, m) , 8.45(lH,s), 8.81(lH,s). 
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IR (ATR) cm -1 : 1922, 1683, 1598, 1488, 1450, 1428, 1396, 
1375, 1326, 1290, 1236, 1174, 47, 1085, 1047, 1014. 

mp: 105 to 107°C. 
MSm/z: 438 (M + +H) . 

Elemental Analysis for C 2 oHi4ClF 2 N0 4 S • 0 . 75H 2 0 : Calculated: 
C, 53.22; H,3.46; CI, 7. 85; F,8.42; N,3.10; S,7.10. Found: 
C, 53.44; H,3.90; CI, 7.47; F,8.06; N,3.07; S,6.95. 
[1126] 

Example 210: t-Butyl [ 4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -5-methylpyridin-2-yl] carbamate 

[1127] 
[Chemical formula 9 6] 

F 




[1128] 

Under an argon atmosphere, diphenylphosphoryl azide 
(2.9 ml, 13.6 mmol) and triethylamine (2.7 ml, 19.4 mmol) 
were added to a solution of 4- [(4- 

chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] -5- 
methylpicolinic acid (2.8 mg, 6.40 mmol) in a mixture of t- 
butanol (20 ml) and toluene (40 ml) . The resulting mixture 
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was stirred for 16 hours under heating and refluxing. 
After cooling, ethyl acetate was added to the reaction 
mixture. The resulting mixture was washed sequentially 
with a saturated aqueous solution of sodium bicarbonate and 
brine. The organic layer thus obtained was dried over 
magnesium sulfate, and concentrated under reduced pressure. 
The residue thus obtained was washed sequentially with 
hexane and ethyl acetate to give the title compound (2.60 
g, 5.11 mmol, 80%) as a white powder. 
[1129] 

1 H-NMR (400MHz, CDCI3) 5 : 1 .58 (9H, s) , 2 .07 (3H, s) , 5. 88 (1H, s) , 
6. 92-6. 98 (lH,m) , 7 . 0 0-7 .06 (lH,m) , 7 .42 (2H,d, J=8 . 8Hz) , 
7.42 (2H,d, J=8.8Hz) , 7.57 (lH,brs) , 7.67-7.72 (lH,m) , 
7 .71 (2H, d, J=8 . 8Hz) , 8 .02 (1H, s) , 8 . 67 (1H, s) . 
MSm/z: 509 (M + +H) . 
[1130] 

Example 211: [4-[ ( 4-Chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -5-methylpyridin-2-yl ] amine 
[1131] 

[Chemical formula 97] 
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CI 

[1132] 

To an ethanol (5 ml) solution of t-butyl [4-[(4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] -5- 
methylpyridin-2-yl] carbamate (200 mg, 0.393 mmol) was added 
concentrated hydrochloric acid (6 ml) . The resulting 
mixture was stirred at room temperature for 2.5 hours. The 
reaction mixture was concentrated under reduced pressure. 
To the residue thus obtained was added a saturated aqueous 
solution of sodium bicarbonate, followed by extraction with 
ethyl acetate. The organic layer was washed sequentially 
with water and brine, dried over magnesium sulfate, and 
concentrated under reduced pressure. The residue thus 
obtained was recrystallized from hexane : ethyl acetate to 
give the title compound (125 mg, 0.306 mmol, 78%) as a 
white powder . 
[1133] 

1 H-NMR(4 00MHz / CDCl 3 )5: 1.89(3H,s) , 5 . 95-5 . 9 6 ( 3H, m) , 
7.12 (1H,S) , 7.22-7.34 (2H,m) , 7 . 51-7 . 55 ( 1H, m) , 
7.65(2H,d, J=8.8Hz) , 7.69 (1H, s) , 7.7 8 ( 2H, d, J=8 . 8Hz ) . 
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IR (ATR) cm" 1 : 3424, 1637, 1554, 1492, 1457, 1411, 1309, 
1276, 1230, 1151, 1089, 1039, 1008. 
mp: 188 to 189 °C. 

Elemental Analysis for C19H15CIF2N2O2S : Calculated: C, 55.82; 
H,3.70; CI, 8.67; F,9.29; N,6.85; S,7.84. Found: C, 55.58; 
H,3.95; CI, 8.61; F, 9 . 13 ; N, 6 . 91 ; S,7.89. 
[1134] 

Example 212: N- [4- [ (4-Chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] -5-methylpyridin-2- 
yl ] methanesulf onamide 
[1135] 

[Chemical formula 98] 




CI 



[1136] 

To a methylene chloride (5 ml) solution of [4-[(4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl) methyl] -5- 
methylpyridin-2-yl] amine (133 mg, 0.325 mmol) and pyridine 
(39 |il, 0.488 mmol) was added methanesulf onyl chloride (28 
pi, 0.358 mmol) under ice cooling. The reaction mixture 
was stirred at room temperature for 2.5 hours. To the 



reaction mixture were added pyridine (26 0.325 imtiol) 

and methanesulf onyl chloride (25 pi, 0.325 mmol) . After 
the resulting mixture was stirred at room temperature for 
16 hours, pyridine (26 0.325 mmol) and methanesulf onyl 

chloride (25 yl, 0.325 mmol) were added thereto. The 
resulting mixture was stirred at room temperature for 1.5 
hours. The reaction mixture was concentrated under reduced 
pressure. To the residue thus obtained was added ethyl 
acetate. The resulting mixture was washed sequentially 
with water and brine, dried over anhydrous sodium sulfate 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=3:2 eluate was concentrated 
under reduced pressure to give the title compound (108 mg, 
0.222 mmol, 68%) as a white solid. The resulting white 
solid was washed with hexane-ether , and collected by 
filtration to give the title compound (67 mg) as a white 
powder . 
[1137] 

X H-NMR (400MHz, CDC1 3 ) 5: 2 . 13 (3H, s) , 3.29 (3H, s) , 5. 85 (1H, s) , 
6.8 9-6.99 (lH,m) , 7 . 01-7 . 10 ( 1H, m) , 7 . 45 (2H, d, J=8 . 3Hz) , 7.59- 
7.69(3H,m) , 7.90(lH,s) , 8.12 (lH,s) . 

mp: 214 to 217°C. 
MSm/z: 486 (M + ) . 
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Elemental Analysis for C20H17N2O4CIF2S2 : Calculated: C, 49.33; 
H,3.52; N,5.75; CI, 7.28; F,7.80; S, 13.17. Found: C, 49.18; 
H,3.45; N,5.82; CI, 7.18; F,7.98; S, 13.14. 
[1138] 

Example 213: 2, 5-Dichloro-4- [ (2, 5-dif luorophenyl ) - (4- 

f luorophenylthio ) methyl ] pyridine 

[1139] 

[Chemical formula 99] 




[1140] 

The 2, 5-dichloro-4- [ (2, 5-dif luorophenyl ) - 
hydroxymethyl] pyridine (1.22g, 4.8 mmol) obtained in 
Referential Example 24 was dissolved in thionyl chloride 
(5.0 ml). To the resulting solution was added a catalytic 
amount of dimethyl formamide and the resulting mixture was 
stirred for 4 hours. The reaction mixture was concentrated 
under reduced pressure. To the residue was added 1,4- 
dioxane, followed by further concentration. 

The residue thus obtained was dissolved in 
dimethylformamide (10 ml) . To the resulting solution were 
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added 4-f luorobenzenethiol (730 mg, 5.7 mmol) and potassium 
carbonate (2.07 g, 15 mmol) under a nitrogen atmosphere. 
The resulting mixture was stirred at room temperature for 
24 hours. To the reaction mixture was added diethyl ether 
(120 ml) . The resulting mixture was washed with water and 
brine. The organic layer was dried over magnesium sulfate, 
and concentrated under reduced pressure. The residue thus 
obtained was crystallized in ethanol to give the title 
compound (950 mg, 49%) as colorless needle crystals. 
[1141] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 5. 92 (1H, s) , 6. 94-7 . 04 (4H,m) , 
7.19 (lH,m) , 7 .33-7.4 (2H,m) , 7.57 (1H, s) , 8 .33 (1H, s) . 
IR (ATR) cm" 1 : 1571, 1489, 1329, 1222, 1157, 1109, 835. 

mp: 95 to 97°C. 
MSm/z: 400 (M + +H) . 
[1142] 

Example 214: [5-Chloro-4- [ (2, 5-dif luorophenyl) - (4- 
fluorophenylsulfonyl) methyl] pyridin-2-yl] (3,4- 
dimethoxybenzyl) amine 
[1143] 

[Chemical formula 100] 
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[1144] 

A 1,4-dioxane (3.0 ml) solution of 2 , 5-dichloro-4- 
[ (2, 5-dif luorophenyl) - (4-fluorophenylthio) methyl] pyridine 
(740 mg, 1.85 mmol) and 3, 4-dimethoxybenzylamine (836 pi, 
5.55 mmol) was stirred at 120°C for 3 days under an argon 
atmosphere in a sealed tube. After cooling to room 
temperature, ethyl acetate (80 ml) was added to the 
reaction mixture. The resulting mixture was washed with 
brine, dried and concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=3:l) to give an amine 
compound (235 mg) as an oil. 

The resulting compound was dissolved in methanol (9.0 
ml) . To the resulting solution were added hexaammonium 
heptamolybdate tetrahydrate (30 mg) and 30% aqueous 
hydrogen peroxide (3.0 ml). The resulting mixture was 
stirred at room temperature for 20 hours. After dilution 
with ethyl acetate (80 ml), the diluted solution was washed 
with water and brine, dried and concentrated under reduced 
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pressure. To the residue thus obtained was added ethanol, 
followed by crystallization to give the title compound (159 
mg, 15%) as a white solid. 
[1145] 

1 H-NMR (400MHz, CDC1 3 ) 5: 3.89(6H,s), 4.50(2H,m), 6.10(lH,s), 
6.85-7.05(5H,m) , 7 . 1 1 ( 2H, t , J=8 . 4Hz ) , 7 . 25-7 . 35 ( 1H, m) , 
7.29(lH,s), 7.61(2H,dd, J=5.2,8.4) , 7.99(lH,s). 
IR(ATR) cm -1 : 3249, 1589, 1490, 1236, 1147, 817 . 

mp: 158 to 159°C. 
MSra/z: 563 (M + +H) . 
[1146] 

Example 215: [5-Chloro-4- [ (2, 5-dif luorophenyl) - (4- 
f luorophenylsulfonyl ) methyl ] pyridin-2-yl] amine 
[1147] 

[Chemical formula 101] 




[1148] 

[5-Chloro-4- [ (2, 5-dif luorophenyl) - (4- 
f luorophenylsulfonyl) methyl] pyridin-2-yl ] (3, 4- 
dimethoxybenzyl) amine (157 mg, 0.28 mmol) was dissolved in 
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trif luoroacetic acid (5.0 ml). The resulting solution was 
stirred at 65°C for 17 hours. After cooling, the reaction 
mixture was concentrated under reduced pressure. To the 
residue thus obtained was added a saturated aqueous 
solution of sodium bicarbonate. The resulting mixture was 
extracted with ethyl acetate. The extract was washed with 
brine, dried and concentrated under reduced pressure. The 
residue thus obtained was purified by silica gel 
chromatography (hexane : ethyl acetate=3:l) to give the title 
compound (114 mg, 99%) as a white solid. 
[1149] 

'H-NMR (4 00MHz, CDCl 3 ) 5: 4 .76 (2H,br) , 6.12 (1H, s) , 6.91 (lH,m) , 
7 .06 (lH,m) , 7 .14 (2H, t, J=8 .4) , 7 . 37 (1H, s) , 7 . 53 (lH,m) , 
7 . 69 (2H,dd, J=4 .8, 8 .4Hz) , 7 . 98 (1H, s) . 

IR (ATR) cm" 1 : 3456, 3167, 1639, 1591, 1491, 1417, 1327, 
1238, 1140, 1084. 

mp: 157 to 159°C. 
MSm/z: 413 (M + +H) . 

Elemental Analysis for C18H12CIF3N2O2S : Calculated: C, 52.37 ; 
H,2.93; CI, 8.59; F, 13.81; N,6.79; S,7.77. Found: C, 52.45; 
H,2.96; CI, 8. 62; F,13.69; N,6.82; S,7.83. 
[1150] 

Example 216: N- [5-Chloro-4- [ ( 2 , 5-dif luorophenyl ) - (4- 

f luorophenylsulf onyl ) methyl ] pyridin-2-yl ] methanesulf onamide 

[1151] 
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[Chemical formula 102] 




[1152] 

To a methylene chloride solution (10.0 ml) of [5- 
chloro-4- [ (2, 5-dif luorophenyl ) - (4- 

f luorophenylsulf onyl) methyl] pyridin-2-yl ] amine (114 mg, 
0.276 mmol) was added pyridine (440 pi, 5.5 mmol) . To the 
resulting mixture was added methanesulf onyl chloride 

(addition of 77 pi once a day for 3 days, 230 ]il in total, 
3.0 mmol) . The resulting mixture was stirred for. 4 days in 
total. The reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was purified by silica 
gel chromatography (hexane : ethyl acetate=2 : 1 ) , followed by 
crystallization in ether to give the title compound (51 mg, 
38%) as a white solid. 

[1153] 

^-NMR (4 00MHz, CDC1 3 ) 5: 3.35(3H,s) , 6.19(lH,s) , 6.92 (lH,m) , 
7 .08 (lH,m) , 7 . 15 (2H, t, J=8 . 8Hz) , 7 . 50 (lH,m) , 7 . 73 (2H,m) , 
8.00(lH,s) , 8.32 (lH,s) , 
MSm/z: 4 91 (M + +H) . 
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IR(ATR) cm" 1 : 1590, 1490, 1330, 1149, 968, 852. mp: 178 to 
179°C. 

Elemental Analysis for CiqHi 4 C1F 3 N 2 0 4 S2 : Calculated: C, 46.49; 
H,2.87; N,5.71; S, 13.06; CI, 7.22; F,11.61. Found: C, 46.55; 
H,2.96; N,5.73; S, 13.02; CI, 7.13; F, 11.39. 
[1154] 

Example 217: Optical resolution of N- [5-chloro-4- [ (2, 5- 
dif luorophenyl) ( 4-f luorophenylsulf onyl) methyl] pyridin-2- 
yl]methanesulfonamide (Optical Isomer A; Optical Isomer B) 
[1155] 

[Chemical formula 103] 



The N- [5-chloro-4- [ (2, 5-dif luorophenyl) (4- 
f luorophenylsulf onyl ) methyl] pyridin-2-yl ] methanesulf onamide 
obtained in Example 216 was optically resolved under the 
below-described conditions by using supercritical 
chromatography (product of Gilson) using a chiral column. 
Column: CHIRALPAK AD, 2.0 cmcp x 25cm, product of Daicel 
Chemical Industries, Ltd. 

Mobile phase: 2-propanol : carbon dioxide=l:99 -> 50:50 
(three minutes and after, 50:50) 




F 



[1156] 
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Flow rate: 6.0 ral/min 
Pressure: 14MPa 

Temperature: 35°C 
Detection: UV (254nm) 

The retention time and apparatus data of each optical 
isomer will next be descried. 
Optical Isomer A: 16.3 minutes 
[1157] 

1 H-NMR (4 00MHz, CDCI3) 5 : 3.35{3H,s), 6.18(lH,s), 6.89- 
6.97(lH,m), 7.02-7.10(lH,m), 7 . 12-7 . 20 (2H,m) , 7.47- 
7.54(lH,m), 7.69-7.76(2H,m) , 7 . 83 ( 1H, brs) , 7.98(lH,s)> 
8.32 (lH,s) . 

Optical Isomer B: 18.4 minutes 

^H-NMR (400MHz, CDCI3) 5 : 3.36(3H,s), 6.18(lH,s), 6.89- 
6.96(lH,m), 7.02-7.10(lH,m) , 7 . 12-7 . 20 (2H,m) , 7.46- 
7.54(lH / m), 7 . 69-7 .76 (2H,m) , 7.99(lH,s), 8.32(lH,s). 
[a] D 25 : +102 . 6° (c=0. 5, CHCI3) . 
[1158] 

Example 218: Sodium salt of N- [5-chloro-4- [ (4- 
chlorophenylsulfinyl) (2 , 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] methane sulfonamide 
[1159] 

[Chemical formula 104] 
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CI 

[1160] 



To an ethanol (100 ml) solution of the N- [ 5-chloro-4- 
[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl ] pyridin-2-yl] methanesulf onamide (15.1 
g, 29.8 mmol) obtained in Example 197 was added a IN 
aqueous sodium hydroxide solution (32.8 ml). The resulting 
mixture was concentrated under reduced pressure. To the 
residue thus obtained was added 2-propanol to dissolve the 
former in the latter while warming. The resulting solution 
was allowed to stand at room temperature. The solid thus 
precipitated was collected by filtration to give the title 
compound (9.10 g, 16.6 mmol, 56%). 
[1161] 

X H-NMR (4 00MHz, DMSO-de) 5: 2.79(3H,s), 6.10(lH,s), 
7.14(lH,s), 7.23-7.40 (2H,m) , 7 . 4 8-7 . 57 ( 1H, m) , 
7.68 (2H,d, J=8.8Hz) , 7 . 75 (2H, d, J=8 . 8Hz) , 7.89(lH,s). 
IR(ATR) cm -1 : 1583, 1494, 1463, 1384, 1326, 1230, 1151, 
1108, 1089, 1012, 813, 755. 

Elemental Analysis for C 19 Hi 3 N 2 0 4 Cl 2 F 2 S 2 Na- 1 . 0H 2 O: Calculated: 
C41.69; H,2.76; N,5.12; CI, 12.95; F,6.94; S, 11.72. Found: 
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C, 41.77; H,2.66; N,5.18; CI, 13.02; F,7.03; S, 11.78. 
[1162] 

Example 219: [5-Chloro-4- [ ( 4-chlorophenylthio) (2, 5- 
di f luorophenyl ) methyl ] pyr idin-2-yl ] amine 
[1163] 

[Chemical formula 105] 



A trif luoroacetic acid (5 ml) solution of the 5- 
chloro-4-[ (4-chlorophenylthio) ( 2 , 5-dif luorophenyl ) methyl ] - 
2- (3, 4-dimethoxybenzylamino) pyridine (1.89 g, 3.45 mmol) 
obtained in Example 185 was stirred at 65°C for 2 hours. 
The reaction mixture was concentrated under reduced 
pressure. To the residue thus obtained was added a 
saturated aqueous solution of sodium bicarbonate, followed 
by extraction with methylene chloride. The organic layer 
was dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=2:1) eluate was concentrated under 




[1164] 
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reduced pressure to yield a white solid. The resulting 
white solid was washed with hexane - ether, and collected 
by filtration to give the title compound (1.06 g, 2.67 
mmol, 77%) as a white powder. 
[1165] 

1 H-NMR (400MHz, CDCI3) 5 : 4 .50 (2H, s) , 5. 96 (1H, s) , 6.7 6 (1H, s) , 
6.90-7.10(2H,m) , 7 . 12-7 . 35 ( 5H, m) , 8.02 (lH,s) . 
IR(ATR)cm _1 : 3129, 1635, 1602, 1540, 1490, 1469, 1415, 
1093, 1012, 819, 728. 
MS m/z: 397 (M + +H) . 
[1166] 

Example 220: N- [ 5-Chloro-4- [ ( 4-chlorophenylthio) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] -N- 

(methylsulfonyl)methanesulfonamide (Compound A) , and N-[5- 
chloro-4- [ (4-chlorophenylthio) (2, 5- 

dif luorophenyl) methyl] pyridin-2-yl ] methanesulf onamide 
(Compound B) 
[1167] 

[Chemical formula 106] 




Compound A Compound B 
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[1168] 

To a pyridine (5 ml) solution of [5-chloro-4- [ (4- 
chlorophenylthio ) ( 2 , 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amine (575 mg, 1.45 mmol) was added methanesulf onyl 
chloride (0.123 ml, 1.59 mmol) at 0°C. The resulting 
mixture was stirred at room temperature for 16 hours. To 
the reaction mixture was added methanesulf onyl chloride 
(0.123 ml, 1.59 mmol) at 0°C . The resulting mixture was 
stirred at room temperature for 22 hours. To the reaction 
mixture was added pyridine (3 ml), followed by further 
addition of methanesulf onyl chloride (0.123 ml, 1.59 mmol) 
at 0°C. After stirring at room temperature for 25 hours, 
the reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was diluted with ethyl 
•acetate. The diluted solution was washed sequentially with 
water and brine, dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate (=4 : 1 ) eluate was concentrated 
under reduced pressure to give the title Compound A (low 
polar compound) (334 mg, 0.603 mmol, 42%) as an amorphous 
substance and the title Compound B (high polar compound) 
(269 mg, 0.566 mmol, 39%) as a white solid. 
[1169] 
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Compound A 

X H-NMR (400MHz, CDCI3) 5: 3.56(6H,s), 5.97(lH,s), 6.95- 
7.09(3H,m), 7 . 20-7 . 31 ( 4H, m) , 7.76(lH,s), 8.45(lH,s). 
IR(ATR) cm -1 : 1583, 1492, 1367, 1321, 1159, 1093, 1006, 962, 
931, 821, 759. 
MS m/z: 552 (M + ) . 
Compound B 

1 H-NMR(4 00MHz,CDCl 3 ) 5: 3.15(3H,s), 6.02(lH,s), 6.94- 
7.13(3H,m), 7.20-7.35 (4H,m) , 7.59(lH,s), 8 . 07 ( 1H, brs ) , 
8.30 (1H, s) . 
mp: 149 to 151°C 

IR (ATR) cm -1 : 1590, 1556, 1488, 1475, 1380, 1348, 1149, 993, 

962, 831, 784. 

MS m/z: 47 5 (M + +H) . 

FAB-MS: 474.9925 (Calcd for C19H15O2N2CI2F2S2 : 474.9920). 
Elemental Analysis for Ci9H 14 N 2 0 2 Cl2F2S2 : Calculated: C, 48.01; : 
H,2.97; N,5.89; CI, 14.92; F,7.99; S, 13.49. Found: C, 48.27; 
H,2.95; N,5.91; Cl, 14.79; F,7.96; S, 13.61. 
[1170] 

Example 221: N- [5-Chloro-4- [ (4-chlorophenylsulf inyl) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] methanesulf onamide 
[1171] 

[Chemical formula 107] 



420 




CI 

[1172] 



To a methylene chloride (10 ml) solution of N-[5- 
chloro-4-[ (4-chlorophenylthio) (2,5- 

dif luorophenyl) methyl ] pyridin~2-yl ] me thanesulf onamide (331 
mg, 0.696 mmol) was added 3-chloroperbenzoic acid (120 mg, 
0.696 mmol) at 0°C. The resulting mixture was stirred at 
0°C for 50 minutes. At the same temperature, 3- 
chloroperbenzoic acid (60 mg, 0.348 mmol) was added to the 
reaction mixture. After stirring at 0°C for 10 minutes, a 
saturated aqueous solution of sodium thiosulfate was added 
to the reaction mixture. The resulting mixture was 
extracted with methylene chloride. The organic layer was 
dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate (=2:1) eluate was concentrated under 
reduced pressure. To the residue thue obtained was added 
ether and the solid thus precipitated was collected by 
filtration to give the title compound (281 mg, 0.572 mmol, 
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82%) as a white powder. 
[1173] 

1 H-NMR (400MHz, CDCI3) 6: 3.36(3H,s), 5 . 48 ( 0 . 5H, s) , 
5. 66 (0 . 5H, s) , 6.79-6.88 (0.5H,m) , 6 . 95-7 . 09 ( 1 . 5H, m) , 7.18- 
7.44 (5H,m) , 7 . 64 (0 . 5H, s) , 7 . 83 ( 0 . 5H, s ) , 8 . 23 ( 0 . 5H, s ) , 
8.36(0.5H,s), 8.70 (lH,brs) . 

IR (ATR) cm -1 : 3124, 3081, 1594, 1492, 1463, 1334, 1143, 964, 

871, 821, 742. 

MS m/z: 491 (M + +H) . 

FAB-MS: 490.9853 (Calcd for C19H15O3N2CI2F2S2 : 490.9869). 
Elemental Analysis for Ci 9 Hi 4 N203Cl2F 2 S2 : Calculated: C, 46.44; 
H,2.87; N,5.70; Cl,14.43; F,7.73; S, 13.05. Found: C, 46.64; 
H,3.02; N,5.64; CI, 14. 31; F,7.74; S, 13.02. 
[1174] 

Example 222: [5-Chloro-4- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] hydrazine 
[1175] 

[Chemical formula 108] 



To an ethanol (10 ml) solution of the 2, 5-dichloro-4- 




[1176] 
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[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl] pyridine (524 mg, 1.17 mmol) obtained 
in Example 57 was added hydrazine monohydrate (2 ml) . The 
resulting mixture was heated under reflux for 3 hours. 
After cooling to room temperature, the reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate (=1:1) 
eluate was concentrated under reduced pressure to afford a 
pale yellow oil. To the resulting oil was added hexane - 
ether and the solid thus precipitated was collected by 
filtration to give the title compound (95 mg, 0.214 mmol, 
18%) as a white powder. 
[1177] 

1 H-NMR (400MHz, CDCI3) 5 : 3.8 9(2H,s) , 6.03 (lH,s) , 6.16 (1H, s) , 

6. 8 9-6. 97 (lH,m) , 7 . 00-7 . 09 (lH,m) , 7 .44 (2H,d, J=8 .8Hz) , 7.50- 

7. 58 (lH,m) , 7 . 60-7 . 68 (3H,m) , 8.03 (1H, s) . 

IR (ATR) cm" 1 : 3249, 1590, 1550, 1492, 1413, 1315, 1174, 

1149, 1083, 811, 754. 

MS m/z: 443 (M + ) . 

Elemental Analysis for C18H13N3O2CI2F2S : Calculated: C, 48.66; 
H,2.95; N,9.46; CI, 15.96; F,8.55; S,7.22. Found: C, 48.48; 
H,2.81; N,9.40; Cl,15.80; F,8.59; S,7.23. 
[1178] 

Example 223: t-Butyl N' - [ 5-chloro-4- [ ( 4- 
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chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl] pyridin-2- 

yl ] hydrazine carboxylate 

[1179] 

{Chemical formula 109] 



To a methylene chloride (5 ml) solution of [5-chloro- 
4- [ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl] hydrazine (166 mg, 0.374 
mmol) was added di-t-butyl dicarbonate (122 mg, 0.560 
mmol) . The resulting mixture was stirred at room 
temperature for 16 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=3:1) eluate was concentrated under 
reduced pressure to give the title compound (166 mg, 0.305 
mmol, 82%) as a white solid. 



1 H-NMR(4 00MHz,CDCl 3 )5: 1.51 (9H,s) , 6.19(lH,s) , 6.42 (lH,s) , 
6.59 (lH,brs) , 6. 91-7 . 09 (2H,m) , 7 .43 (2H,d, J=8 . 8Hz) , 7 .50- 




[1180] 



[1181] 
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7 . 56 (lH,m) , 7 . 57 ( 1H, s) , 7 . 63 (2H, d, J=8 . 8Hz) , 8 . 06 (1H, s) . 
IR (ATR) cm -1 : 3336, 3295, 1681, 1596, 1558, 1496, 1477, 
1321, 1151, 1091, 809. 
MS m/z: 544 (M + +H) . 
[1182] 

Example 224: t-Butyl N' - [ 5-chloro-4- [ ( 4- 

chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

yl] -N' -methylsulfonylhydrazine carboxylate 

[1183] 

[Chemical formula 110] 



To a methylene chloride (5 ml) solution of t-butyl 
N' - [5-chloro-4- [ ( 4 -chlorophenylsulf onyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] hydrazine carboxylate 
(178 mg, 0.327 mmol) and triethylamine (43 pi, 0.392 mmol) 
was added methanesulf onyl chloride (30 pi, 0.392 mmol) at 
0°C. The resulting mixture was stirred at room temperature 
for 16 hours. To the reaction mixture were added 
triethylamine (43 pi, 0.392 mmol) and methanesulf onyl 
chloride (30 pi, 0.392 mmol) . After stirring at room 




CI 



[1184] 
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temperature for 3 hours, the reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was diluted with ethyl acetate. The diluted 
solution was washed sequentially with a saturated aqueous 
solution of sodium bicarbonate and brine, dried over 
anhydrous sodium sulfate and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=4:1) eluate was concentrated under 
reduced pressure to give the title compound (174 mg, 0.280 
mmol, 85%) as a white solid. 
[1185] 

^H-NMR ( 4 00MHz, CDC1 3 ) 5: 1. 52 (9H, s) , 3. 5 6 (3H, s) , 6.21 (1H, s) , 
6.92-7 .10 (2H,m) , 7 .31 (lH,brs) , 7.44 (2H,d, J=8.7Hz) , 7.47- 
7.54 (lH,m) , 7 .63 (2H,d, J=8 .7Hz) , 8 .05 (1H, s) , 8 .28 (1H, s) . 
IR (ATR) cm" 1 : 3320, 1731, 1583, 1494, 1353, 1326, 1236, 
1149, 1091, 958, 754, 728. 
MS m/z: 622 (M + +H) . 
[1186] 

Example 225: 1- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -1- 
methylsulf onylhydrazine 
[1187] 

[Chemical formula 111] 
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CI 

•[1188] 



To a methylene chloride (5 ml) solution of t -butyl 
N' - [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl ]pyridin- 2 -yl] -N' - 

methylsulf onylhydrazine carboxylate (167 mg, 0.268 mmol) 
was added trif luoroacetic acid (2.5 ml). The resulting 
mixture was stirred at room temperature for 21 hours, 
followed by concentration under reduced pressure. To the 
residue thus obtained was added a saturated aqueous 
solution of sodium bicarbonate. The resulting mixture was 
extracted with methylene chloride. The organic layer 
obtained by separation was dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate (=2:1) eluate. was 
concentrated under reduced pressure to afford the title 
compound (91 mg, 0.174 mmol, 65%) as a white solid. The 
resulting solid was washed with ether and collected by 
filtration to give the title compound (60 mg) as a white 
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powder . 
[1189] 

1 H-NMR (400MHz, CDCI3) 5 : 3.25(3H,s), 4 . 80 (2H, brs) , 
6.25(lH,s), 6. 90-7 . 10 (2H,m) , 7 . 44 (2H, d, J=8 . 6Hz) , 7.53- 
7.61 (lH,m) , 7 . 68 (2H, d, J=8 . 6Hz) , 8.32(lH,s), 8.44(lH,s). 
mp: 152 to 154°C 

IR (ATR) cm" 1 : 1583, 1490, 1361, 1319, 1149, 1079, 958, 833, 
754. 

MS m/z : 522 (M + +H) . 

Elemental Analysis for Ci 9 Hi5N30 4 Cl 2 F2S2 : Calculated: C, 43. 69; 
H,2.89; N,8.04; Cl, 13.57; F,7.27; S, 12.28. Found: C, 43. 86; 
H,2.93; N, 7.91; Cl, 13.19; F,7.31; S, 12.28. 
[1190] 

Referential Example 41: 2, 5-Dibromo-4- [ (2,5- 
dif luorophenyl ) hydroxymethyl ] pyridine 
[1191] 

[Chemical formula 112] 



F 




F OH 



[1192] 

Under an argon atmosphere, n-butyl lithium (a 1.59M 
hexane solution, 7 6 ml, 121 mmol) was added to a 
tetrahydrofuran (400 ml) solution of diisopropylamine (17 

ml, 121 mmol) at -70°C. The reaction mixture was stirred 
for 1 hour. To the reaction mixture was added dropwise a 
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tetrahydrofuran (100 ml) solution of 2 , 5-dibromopyridine 
and the resulting mixture was stirred for 2 hours. To the 
reaction mixture was added dropwise 2,5- 

dif luorobenzaldehyde (15 ml, 139 mmol) and the mixture was 
stirred for 1 hour. After addition of water, the resulting 
mixture was concentrated under reduced pressure. The 
residue thus obtained was extracted with dichloromethane . 
The organic layer thus obtained was dried over magnesium 
sulfate, and concentrated under reduced pressure. The 
residue thus obtained was washed with 

dichloromethane : hexane to yield a pale yellow powder. The 
filtrate was subjected to silica gel column chromatography. 
The fraction obtained from the hexane: ethyl acetate=6:l 
eluate was concentrated under reduced pressure. The 
residue thus obtained and the above-described pale yellow 
powder were combined to give the title compound (18.4 g, 
48.6 mmol, 52%) as a pale yellow powder. 
[1193] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2 . 62 (1H, s) , 6.24 (1H, s) , 6.8 5- 
6.89(lH,m) , 7.00-7.10 (2H,m) , 7.79 (lH,s) , 8.43 (lH,s) . 
MS m/z: 378 (M + +H) . 
[1194] 

Example 22 6: 2, 5-Dibromo-4- [ ( 4-chlorophenylthio) (2, 5- 

dif luorophenyl) methyl] pyridine 

[1195] 
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[Chemica 1 f o rmula 1 1 3 ] 




F s 

o 

CI 

[1196] 

Under an argon atmosphere, triethylamine (5.1 ml, 
36.8 mmol) and methanesulf onyl chloride (2.6 ml, 31. 9 mmol) 
were added to a dichloromethane solution (200 ml) of 2,5- 
dibromo-4- [ (2, 5-dif luorophenyl) hydroxymethyl] pyridine (9.3 
g, 24.5 mmol) under ice cooling. The reaction mixture was 
stirred at room temperature for 30 minutes. After addition 
of water, the resulting mixture was concentrated under 
reduced pressure. The residue thus obtained was extracted 
with diethyl ether. The organic layer was washed with 
brine, dried over anhydrous magnesium sulfate, and 
concentrated under reduced pressure. 

To a dimethyl formamide (200 ml) solution of the 
residue thus obtained were added 4-chlorobenzenethiol (4.3 
g, 29.4 mmol) and potassium carbonate (5.1 g, 36.8 mmol). 
The resulting mixture was stirred at room temperature for 
17 hours. After addition of water, the resulting mixture 
was extracted with diethyl ether. The organic layer was 
washed with brine, dried over anhydrous magnesium sulfate, 
and concentrated under reduced pressure. The residue thus 
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obtained was washed with hexane to afford a white powder. 
The filtrate was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
dichloromethane eluate was concentrated under reduced 
pressure. The residue thus obtained and the above- 
described white powder were combined to give the title 
compound (9.1 g, 18.0 mmol, 73%) as a white powder. 
[1197] 

1 H-NMR(400MHz / CDCl 3 )5: 5.94 (lH,s) , 7 . 00-7 . 05 (2H, m) , 7.15- 
7.20 (lH,m) , 7 .25 (2H,d, J=8 . 6Hz) , 7 . 2 9 (2H, d, J=8 . 6Hz ) , 
7.68 (lH,s) , 8.45(lH,s) . 
MS m/z: 504 (M + +H) . 
[1198] 

Example 227: [5-Bromo-4-[ ( 4-chlorophenylthio) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] methanol 
[1199] 

[Chemical formula 114] 



Under an argon atmosphere, n-butyl lithium (a 1.59M 
hexane solution, 0.27 ml, 0.435 mmol) was added to a 
toluene (10 ml) solution of 2, 5-dibromo-4- [ (4- 



F 




F s 




c 



[1200] 



chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] pyridine (200 
mg, 0.396 mmol) at -78°C. The reaction mixture was stirred 
for 2 hours. To the reaction mixture was added dropwise 
dimethyl formamide (40 pi, 0.514 mmol), followed by stirring 
for 1 hour. To the reaction mixture were added methanol 
(10 ml) and sodium borohydride (30 mg, 0.791 mmol). The 
temperature of the resulting mixture was raised to room 
temperature. The reaction mixture was stirred for 1 hour. 
After addition of water, the resulting mixture was 
extracted with ethyl acetate. The extract was washed with 
brine. The organic layer thus obtained was dried over 
magnesium sulfate, and concentrated under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=3 : 1 eluate was concentrated under 
reduced pressure to give the title compound (160 mg, 0.350 
mmol, 89%) as a colorless amorphous substance. 
[1201] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 3.18 (1H, t, J=5. 2Hz) , 
4.72 (2H,d, J=5.2Hz) , 6.04 (lH,s) , 6 . 95-7 . 05 ( 2H, m) , 7.16- 
7.21 (lH,m) , 7.22 (2H,d, J=7.8Hz) , 7 . 25 ( 2H, d, J=7 . 8Hz ) , 
7.51 (lH,s) , 8.64 (lH,s) . 
MS m/z: 456(M + +H) . 
[1202] 

Example 22 8: [ 5-Bromo-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
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di f luorophenyl ) methyl ] pyr idin-2-yl ] methanol 
[1203] 

[Chemical formula 115] 



F 




F0=S=0 
Ci 

[1204] 

To a solution of [ 5-bromo-4- [ ( 4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl]methanol (550 mg, 1.20 mmol) in a mixture of methanol 
(10 ml) and ethyl acetate (10 ml) were added hexaammonium 
heptamolybdate tetrahydrate (100 mg) and 30% aqueous 
hydrogen peroxide (10 ml) . The resulting mixture was 
stirred for 19 hours. After addition of water, the 
resulting mixture was extracted with ethyl acetate. The 
extract was washed sequentially with water, a saturated 
aqueous solution of sodium bicarbonate, a saturated aqueous 
solution of sodium thiosulfate and brine. The organic 
layer thus obtained was dried over magnesium sulfate, and 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=2 : 1 eluate was concentrated under 
reduced pressure, followed by recrystallization from 
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hexane: ethyl acetate to give the title compound (506 mg, 

1.04 mmol, 86%) as a white powder. 

[1205] 

X H-NMR (4 00MHz, CDC1 3 ) 6: 3. 18 (1H, t, J=5. 0Hz) , 4 . 7 9-4 . 8 8 (2H, m) , 
6.24 (1H, s) , 6. 92-6. 97 (lH,m) , 7 . 03-7 . 09 (lH,m) , 
7 .45 (2H,d, J=8. 6Hz) , 7 . 51-7 . 55 ( 1H, m) , 7 . 61 (2H,d, J=8 . 6Hz) , 
8.11 (lH,s) , 8.65(lH,s) . 

IR(ATR)cm~ 1 : 3262, 1583, 1492, 1427, 1392, 1330, 1280, 
1236, 1157, 1083, 1033. 
mp: 172 to 173°C. 
MS m/z: 488 (M + +H) . 

Elemental Analysis for Ci9Hi 3 BrClF 2 N0 3 S : Calculated: C, 46.69; 
H,2.68; Br, 16.35; CI, 7. 25; F,7.77; N,2.87; S,6.56. Found: 
C 46.59; H,2.55; Br, 16.31; CI, 7. 05; F,7.78; N,2.89; S,6.70. 
[1206] 

Example 229: [5-Bromo-4-[ (4-chlorophenylsulf onyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] carbaldehyde 
[1207] 

[Chemical formula .116] 



Under a nitrogen atmosphere, dimethyl sulfoxide (218 



F 




F0=S=0 




ci 



[1208] 
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3.07 rnmol), triethylamine (428 yl, 3.07 mmol) and 
sulfur trioxide pyridine complex (293 mg, 1.84 mmol) were 
added to a dichloromethane (10 ml) solution of [5-bromo-4- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl) methyl ]pyridin-2-yl] methanol (300 mg, 0.614 
mmol) . The reaction mixture was stirred at room 
temperature for 4 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=3:l eluate was concentrated under 
reduced pressure to give the title compound (227 mg, 0.466 
mmol, 7 6%) as a colorless amorphous substance. 
[1209] 

1 H-NMR (4 00MHz, CDCI3) 5 : 6.29(lH,s) , 6 . 93-7 . 00 ( 1H, m) , 7.04- 
7.10(lH,m) , 7.4 4 ( 2H, d, J=8 . 8Hz ) , 7.57-7.62 (lH,m) , 
7 . 62 (2H, d, J=8 . 8Hz) , 8 . 68 (1H, s) , 8 .88 (1H, s) , 10. 09 (1H, s) . 
MS m/z: 486 (M + +H) . 
[1210] 

Example 230: 5-Bromo-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 

dif luorophenyl ) methyl] picolinic acid 

[1211] 

[Chemical formula 117] 
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FO=S=0 

0 

CI 

[1212] 

To a formic acid (5 ml) solution of [ 5-bromo-4- [ ( 4- 
chlorophenylsulf onyl ) (2, 5-dif luorophenyl) methyl ] pyridin-2- 
yl] carbaldehyde (225 mg, 0,462 mmol) was added 30% aqueous 
hydrogen peroxide (157 jal, 1.39 mmol). The resulting 
mixture was stirred at room temperature for 3 hours. To. 
the reaction mixture was added water and the solid thus 
precipitated was filtered. The solid thus obtained was 
washed with water. The resulting solid was dissolved in 
ethyl acetate. The resulting solution was washed 
sequentially with water and brine. The organic layer thus 
obtained was dried over magnesium sulfate and concentrated 
under reduced pressure to give the title compound (226 mg, 
0.4 61 mmol, 97%) as a white powder. 
[1213] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 6.30 (1H, s) , 6 . 94- 6 . 99 ( 1H, m) , 7 . 05- 
7 . 11 (lH,m) , 7 .46 (2H, d, J=8 . 8Hz) , 7 . 61-7 . 66 (lH,m) , 
7 . 65 (2H, d, J=8 .8Hz) , 8 . 75 (1H, s) , 8 . 94 (1H, s) . 
MS m/z: 502 (M + +H) . 
[1214] 

Example 231: t-Butyl [5-bromo-4- [ (4- 
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chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

yl ] carbamate 

[1215] 

[Chemical formula 118] 

F0=S=0 H 

0 

CI 

[1216] 

Under an argon atmosphere, diphenylphosphoryl azide 
(131 pi, 0.613 mmol) and triethylamine (122 pi, 0.875 mmol) 
were added to a solution of 5-bromo-4- [ ( 4- 

chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl ] picolinic 
acid (220 mg, 0.438 mmol) in a mixture of t-butanol (5 ml) 
and toluene (5 ml) . The reaction mixture was stirred for 
14 hours under heating and refluxing. After cooling, ethyl 
acetate was added to the residue. The resulting mixture 
was washed sequentially with a saturated aqueous solution 
of sodium bicarbonate and brine. The organic layer thus 
obtained was dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was 
subjected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=4 : 1 eluate 
was concentrated under reduced pressure to give the title 
compound (128 mg, 0.223 mmol, 51%) as a white powder. 
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[1217] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 . 59 (9H, s) , 6.2 3 (1H, s) , 6. 92- 
7 . 0 0 (lH,m) , 7 . 02-7 . 08 (lH,m) , 1 . 33 (lH,brs) , 
7 .43 (2H, d, J=8 .4Hz) , 1 . 57-7 . 62 (lH,m) , 7 . 71 (2H, d, J=8 .4Hz) , 
8.28 (1H, s) , 8.86 (1H, s) . 
MS m/z: 573 (M + +H) . 
[1218] 

Example 232: [ 5-Bromo-4- [ ( 4-chlorophenylsulf onyl ) {2, 5- 
dif luorophenyl ) methyl] pyridin-2-yl] amine 
[1219] 

[Chemical formula 119] 



F 




CI 



[1220] 

To an ethanol (2 ml) solution of t -butyl [5-bromo-4- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl] carbamate (130 mg, 0.227 
mmol) was added concentrated hydrochloric acid (2 ml) . The 
resulting mixture was stirred at room temperature for 63 
hours. The reaction mixture was concentrated under reduced 
pressure. To the residue thus obtained was added saturated 
sodium bicarbonate, followed by extraction with ethyl 
acetate. The organic layer was washed with brine, dried 
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over magnesium sulfate, and concentrated under reduced 
pressure. The residue thus obtained was recrystallized 
from hexane: ethyl acetate to give the title compound (72 
mg, 0.152 mmol, 67%) as a pale yellow powder. 
[1221] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 4.67 (2H,s) , 6.12(lH,s) , 6.91- 
6.97 (lH,m) , 7.02-7.08 (lH,m) , 7.36 (1H, s) , 

7.45 (2H,d, J=8 . 6Hz) , 7 . 48-7 . 54 ( 1H, m) , 7 . 62 (2H, d, J=8 . 6Hz) , 
8.11 (lH,s) . 

IR(ATR)cm _1 : 3467, 3372, 1617, 1585, 1540, 1492, 1475, 
1413, 1330, 1311, 1280, 1238, 1178, 1151, 1081, 1033, 101 

mp: 2 04 to 2 0 6°C. 
MS m/z: 473 (M + +H) . 

Elemental Analysis for Ci8Hi 2 BrClF 2 N202S : Calculated: 
.C,45.64; H,2.55; Br, 16.87; CI, 7.48; F,8.02; N,5.91; S,6.7 
Found: C, 45.87; H,2.58; Br, 16.61; CI, 7.56; F,8.05; N,5.90 
S, 6. 90. 



Referential Example 42: 5-Cyano-2-f luorobenzaldehyde 
[1223] 

[Chemical formula 120] 



Diisopropylamine (2.80 ml, 19.8 mmol) was dissolved 



[1222] 



NC 




CHO 



[1224] 
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in tetrahydrofuran (20 ml) . At -78°C, a hexane solution 
(1.60M, 11.4 ml, 18.2 mmol) of n-butyl lithium was added 
dropwise to the resulting solution. The reaction mixture 
was stirred at the same temperature for 30 minutes, 
followed by the dropwise addition of a tetrahydrofuran 
solution (20 ml) of 4-f luorobenzonitrile (2.00 g, 16.5 
mmol) . After stirring further at the same temperature for 
30 minutes, N, N-dimethylf ormamide (1.7 ml, 21.5 mmol) was 
added dropwise to the reaction mixture. At the same 
temperature, the reaction mixture was stirred for 10 
minutes. To the reaction mixture were added acetic acid 
and a saturated aqueous solution of ammonium chloride, 
followed by extraction with ethyl acetate. The organic 
layers were combined and dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to silica gel chromatography. The fraction obtained from 
the n-hexane : ethyl acetate=10:2 eluate was concentrated 
under reduced pressure to give the title compound (1.83 g, 
12.3 mmol, 74%) as a pale yellowish brown oil. 
[1225] 

1 H-NMR ( 400MHz, CD 3 OD) 5 : 7.37 ( 1H, t , J=9 . 0Hz ) , 

7 . 92 (1H, ddd, J=9.0, 6.4, 2 .2Hz) , 8 .21 (1H, dd, J=6. 4, 2 .2Hz) , 

10.4 (1H, s) . 

IR (ATR) cm" 1 : 1953, 1695, 1600, 1482, 1236, 1105, 846, 624, 
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580. 

MS m/z: 150 (M + +H) . 
[1226] 

Referential Example 43: 3- [ (2, 5-Dichloropyridin-4- 

yl) hydroxymethyl] -4-f luorobenzonitrile 

[1227] 

[Chemical formula 121] 



Diisopropylamine (0.52 ml, 3.70 mmol) was dissolved 

in tetrahydrof uran (5 ml) . At -78°C, a hexane solution 
(1.54M, 2.20ml, 3.39 mmol) of n-butyl lithium was added 
dropwise to the resulting solution. The reaction mixture 
was stirred at the same temperature for 30 minutes. A 
tetrahydrofuran solution (20 ml) of 2, 5-dichloropyridine 
(0.46 g, 3.08 mmol) was added dropwise to the reaction 
mixture. After stirring further at the same temperature 
for 1 hour, a tetrahydrofuran solution (5 ml) of 5-cyano-2- 
f luorobenzaldehyde (0.46 g,3.08 mmol) was added dropwise to 
the reaction mixture. The resulting mixture was stirred at 
the same temperature for 30 minutes. To the reaction 
mixture was added a saturated aqueous solution of ammonium 
chloride, followed by extraction with ethyl acetate. The 
organic layers were combined, dried over anhydrous 




OH 



[1228] 



magnesium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel chromatography. The 
fraction obtained from the n-hexane : ethyl acetate=10:2 
eluate was concentrated under reduced pressure to give the 
title compound (0.68 g, 2.28 mmol, 74%) as a pale yellowish 
brown oil. 
[1229] 

1 H-NMR (4 00MHz, CDCI3) 5 ' 6. 33 (1H, s) , 7 .22 (1H, t, J=8 .3Hz) , 
7.60(lH,dd, J=6.6,2.2Hz) , 7.66 (lH,s) , 7 . 66-7 . 69 ( 1H, m) , 
8 . 34 (1H, s) . 

IR (ATR) cm -1 : 3413, 1577, 1492, 1334, 1247, 1110, 829, 534. 

MS m/z: 297 (M + +H) . 

■11230] 

Example 233: 3- [ (4-Chlorophenylsulf onyl) (2, 5- 
dichloropyridin-4-yl) methyl] -4-f luorobenzonitrile 
[1231] 

[Chemical formula 122] 




[1232] 

Under ice cooling, thionyl chloride (3 ml) and a 
catalytic amount of N, N-dimethylf ormamide were added to a 
dichloromethane solution (5 ml) of 3- [ (2 , 5-dichloropyridin- 



4-yl) hydroxymethyl] -4-f luorobenzonitrile (677 mg, 2.28 
mmol) . The resulting mixture was stirred at room 
temperature for 4 hours. Water was added to the reaction 
mixture, followed by extraction with dichloromethane . The 
organic layers were combined, dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under 
reduced pressure. 

The residue thus obtained was dissolved in N,N- 
dimethylf ormamide (5 ml) . To the resulting solution was 
added sodium 4-chlorobenzenesulf inate (905 mg, 4.56 mmol). 
The resulting mixture was stirred at room temperature for 
20 hours. Water was added to the reaction mixture, 
followed by extraction with ethyl acetate. The organic 
layers were combined, dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel chromatography. The fraction obtained from the 
n-hexane : ethyl acetate=10:2 eluate was concentrated under 
reduced pressure to give the title compound (170 mg, 0.37 
mmol, 16%) as a pale yellowish brown solid. 
[1233] 

1 H-NMR (400MHz, CDCI3) 5: 6. 19 (1H, s) , 7 . 15 (1H, t, J=8 .5Hz) , 
7.48 (2H,d, J=8.5Hz) , 7.62 (2H, d, J=8 . 5Hz) , 

7 .72 (1H, ddd, J=8 . 5, 5 . 4 , 2 . 4Hz ) , 8. 12 (1H, dd, J=5.4, 2 . 4Hz) , 
8.13(lH,s) , 8.36(lH,s) . 
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IR (ATR) cm" 1 : 1569, 1494, 1315, 1257, 1120, 1081, 752, 617, 
570, 536. 
MS m/z: 456 (M + ) . 
[1234] 

Example 234: 3- [ (2-Amino-5-chloropyridin-4-yl) (4- . 
chlorophenylsulfonyl) methyl] -4-f luorobenzonitrile 
[1235] 

[Chemical formula 123] 



In N-methylpyrrolidone (12 ml) was dissolved 3-[(4- 
chlorobenzenesulfonyl) (2, 5-dichloropyridin-4-yl ) methyl ] -4- 
f luorobenzonitrile (559 mg, 1.23 mmol) , followed by the 
addition of 3, 4-dimethoxybenzylamine (0.91 ml, 6.13 mmol). 
The resulting mixture was stirred under heating at 140°C 
for 4 hours. Water was added to the reaction mixture, 
followed by extraction with ethyl acetate. The extract was 
washed with brine. The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel chromatography. The 
fraction obtained from the n-hexane : ethyl acetate=2 : 1 
eluate was concentrated under reduced pressure. 



f ci 




ci 



[1236] 



The residue thus obtained was dissolved in 
trif luoroacetic acid (5 ml) and the resulting solution was 

stirred under heating at 70°C for 2 hours. The reaction 
mixture was concentrated under reduced pressure. The 
residue thus obtained was subjected to silica gel 
chromatography. The fraction obtained from the n- 
hexane: ethyl acetate=2:l eluate was concentrated under 
reduced pressure to give the title compound (50 mg 0.11 
mmol, 9%) as a white powder. 
[1237] 

1 H-NMR (4 00MHz, CDCI3) 5: 4.74 (2H, s) , 6. 16 (1H, s) , 

7.12 (1H, t, J=8.8Hz) , 7.32 (lH,s) , 7.4 8 ( 2H, d, J=8 . 5Hz ) , 

7.62 (2H,d, J=8.5Hz) , 7.98 (lH,s) , 8 . 15 ( 1H, dd, J=8 . 8 , 2 . 0Hz ) , 

8.55 (lH,d, J=2.0Hz) . 

IR(ATR)cm _1 : 1614, 1475, 1411, 1311, 1259, 1145, 1091, 755, 
642, 620, 561, 543, 460. 

mp: >220°C. 

MS m/z: 43 6 (M + +H) . 

Elemental Analysis for C19H12CI2FN3O2S : Calculated: C, 52.31 ; 
H,2.77; CI, 16.25; F,4.35; N,9.63; S,7.35. Found: C, 52.17; 
H,2.85; CI, 16.50; F,4.32; N,9.40; S,7.30. 
[1238] 

Example 235: N- [ 5-Chloro-4-T [ ( 4-chlorophenylsul f onyl ) (5- 
cyano-2-f luorophenyl) methyl] pyridin-2-yl ] -N- 
(methylsulf onyl ) methanesulf onamide 
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[1239] 



[Chemical formula 124] 




o=s=o 



N Q ✓ 



CI 



[1240] 



After 3- [ (2-amino-5-chloropyridin-4-yl) (4- 
chlorophenylsulf onyl) methyl] -4-f luorobenzonitrile (50 mg, 
0.11 mmol) was dissolved in dichloromethane (5 ml), 
ethanesulfonyl chloride (27 pi, 0.39 mmol), triethylamine 

(48 yl, 0.39 mmol) and a catalytic amount of 4- 
dimethylaminopyridine were added to the resulting solution 
at 0°C. The resulting mixture was stirred at the same 
temperature for 30 minutes. Water was added and the 
resulting mixture was extracted with dichloromethane. The 
extract was washed with brine. The organic layer was dried 
over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel chromatography. The 
fraction obtained from the n-hexane : ethyl acetate=10:3 
eluate was concentrated under reduced pressure to give the 
title compound (80 mg, 0.11 mmol, 99%) as a white powder. 

[1241] 

X H-NMR (4 00MHz, CDC1 4 ) 5: 3. 65 (6H, s) , 6.25 (1H, s) , 

7 .24 (1H, t, J=8 . 8Hz) , 7.45 (2H, d, J=8 . 5Hz) , 7.66 (2H, d, J=8 .5Hz) , 



^ 7.75 (1H, ddd, J=8 .8, 6. 6, 2.0Hz) , 8 . 16 (1H, s) , 
8 . 19 (1H, dd, J=6. 6, 2 . 0Hz) , 8 .43 (1H, s) . 

IR(ATR) cm" 1 : 1725, 1583, 1492, 1369, 1326, 1164, 931, 835, 
757, 628, 551, 505, 460. 
MS m/z : 592 (M + +H) . 
[1242] 

Example 23 6: N- [5-Chloro-4- [ ( 4-chlorophenylsul f onyl ) (5- 
cyano-2-f luorophenyl) methyl] pyridin-2-yl] methanesulf onamide 
[1243] 

[Chemical formula 125] 




[1244] 

After N- [5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (5- 
cyano-2- f luorophenyl ) methyl ] pyridin-2-yl ] -N- 
(methylsulf onyl) methanesulf onamide (80 mg, 0.11 mmol) was 
dissolved in tetrahydrof uran (3 ml) , a tetrahydrof uran 
solution (1.0M, 0.15 ml, 0.15 mmol) of tetrabutylammonium 
fluoride was added to the resulting solution at 0°C . The 
resulting mixture was stirred at room temperature for 1 
hour. The residue obtained by concentrating the reaction 
mixture under reduced pressure was subjected to silica gel 
chromatography. The fraction obtained from the n- 
hexane: ethyl acetate=2 : 1 eluate was concentrated under 
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reduced pressure to afford a white solid. The resulting 
white solid was washed with ether to give the title 
compound (32 mg, 0.0 6 mmol, 4 6%) as a white powder. 
.[1245] 

1 H-NMR (400MHz, CDCI3) 5 : 3.37 (3H,s), 6.20(lH,s), 

7.14 (lH,d, J=8.8Hz) , 7 . 48 (2H, d, J=8 . 5Hz) , 7 . 62 ( 2H, d, J=8 . 5Hz ) 

7 .68-7.72 (lH,m) , 7.92(lH,s), 8 . 11 ( 1H, dd, J=6 . 6, 2 . 0Hz) , 

8 .34 (1H, s) . 

IR (ATR) cm -1 : 1596, 1494, 1473, 1328, 1151, 1089, 755, 636, 

541, 516. 

mp: 118 to 120°C. 

MS m/z: 514 (M + +H) . 

Elemental Analysis for C20H14CI2FN3O4S2 : Calculated: C, 46.70, 
H,2.74; CI, 13.78; F,3.69; N,8.17; S, 12.47. Found: C, 47.00 

H. ,2.94; CI, 13.64; F,3.58; N,8.15; S, 12.44. 
[1246] 

Referential Example 44: 5-Chloro-2- (2,2, 5, 5-tetramethyl- 

I, 2, 5-azadisilolydin-l-yl) pyridine 
[1247] 

[Chemical formula 126] 



To a tetrahydrofuran (350 ml) solution of 5- 
chloropyridin-2-ylamine (10.28 g, 80.0 mmol) was added a 




[1248] 
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hexane solution (1.58M, 50.6ml, 80.0 mmol) of n-butyl 
lithium at -78°C. The resulting mixture was stirred for 1 
hour. At the same temperature, a tetrahydrofuran (50 ml) 
solution of 1, 2-bis (chlorodimethylsilyl ) ethane (17.22 g, 
80.0 mmol) was added to the reaction mixture, followed by 
stirring for 1 hour. A hexane solution (1.58M, 50.6 ml, 
80.0 mmol) of n-butyl lithium was added at the same 
temperature and the resulting mixture was stirred for 30 
minutes. At room temperature, a saturated aqueous solution 
of sodium chloride was added to the reaction mixture. 
Diethyl ether was added to the resulting mixture to 
separate it into layers. The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was distilled under reduced pressure (120°C/3.0 
mmHg) to give the title compound (12.97 g, 47.9 mmol, 60%) 
as a colorless acicular substance. 
[1249] 

1 H-3SIMR (4 00MHz, CDCI3) 5 : 0.29 (12H, s) , 0. 82 (4H, s) , 
6.50 (1H, d, J=8 . 8Hz) , 7 . 34 (1H, dd, J=8 .8,2. 7Hz) , 
8.05(lH,d, J=2.7Hz) . 
[1250] 

Referential Example 45: ( 2-Amino-5-chloropyridin-4-yl ) (2, 5- 
dif luorophenyl ) methanol 
[1251] 
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[Chemical formula 127] 

OH 

[1252] 

To a mixture of a hexane solution (1.58M, 8.41 ml, 
13.3 mmol) of n-butyl lithium and tetrahydrof uran (40 ml) 
was added diisopropylamine (1.86 ml, 13.3 mmol) at -78°C. 
After the resulting mixture was stirred at 0°C for 1 hour, 
the reaction mixture was cooled to -78°C. To the reaction 
mixture was added a tetrahydrof uran (10 ml) solution of 5- 
chloro-2- (2,2, 5, 5-tetramethyl-l , 2, 5-azadisilolydin-l- 
yDpyridine (3.27 g, 12.1 mmol). At the same temperature, 
the resulting mixture was stirred for 1 hour. Then, a 
tetrahydrofuran (10 ml) solution of 2,5- 

dif luorobenzaldehyde (1.89 g, 13.3 mmol) was added to the 
reaction mixture. After stirring at the same temperature 
for 30 minutes, IN hydrochloric acid (50 ml) was added at 
0°C. To the reaction mixture was added a IN aqueous 
solution (100 ml) of sodium hydroxide . The product thus 
obtained was extracted with diethyl ether. The organic 
layer was dried over anhydrous sodium sulfate and filtered. 
The filtrate was concentrated under reduced pressure. The 
residue thus obtained was washed with a mixed solvent of 
dichloromethane/hexane, and collected by filtration to give 
the title compound (1.76 g, 6.50 mmol, 54%) as a white 
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solid. 
[1253] 

1 H-NMR (4 00MHz, DMSO-d 6 ) 5: 5. 96 (1H, d, J=4 . 9Hz) , 6. 17 (2H, s) , 
6.31 (lH,d, J=4.9Hz) , 6.68 (lH,s) , 6.97-7.04 (lH,m) , 7.15- 
7.29 (2H,m) , 7 . 82 (1H, s) . 
MS m/z: 271 (M + +H) .. 
[1254] 

Referential Example 46: ( 2-Amino-5-chloropyridin-4-yl ) (2, 5- 
dif luorophenyl) methyl t-butyl carbonate 
[1255] 

[Chemical formula 128] 



Under a nitrogen atmosphere, di-t-butyl dicarbonate 
(3.63 g, 16.6 mmol) and 4-dimethylaminopyridine (203 mg, 
1.66 mmol) were added to a dichloromethane (150 ml) 
solution of (2-amino-5-chloropyridin-4-yl) (2,5- 
dif luorophenyl) methanol (4.50 g, 16.6 mmol) at room 
temperature. The resulting mixture was stirred at room 
temperature for 2 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel chromatography. 
The fraction obtained from the 
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[1256] 



dichloromethane:methanol=50 : 1 eluate was concentrated under 
reduced pressure to give the title compound (5.70 g, 15.4 
irtmol, 92%) as a white solid. 
[1257] 

1 H-NMR ( 400MHz , CDCI3) 5 : 1 . 4 9 (9H, s) , 4 .53 (2H, s) , 6. 66 (1H, s) , 
6.89-6. 95 (lH,m) , 6 . 99-7 . 09 (2H, m) , 7.00 (1H, s) , 8.01 (lH,s) . 
MS m/z: 371 (M + +H) . 
[1258] 

Referential Example 47: t-Butyl [ 5-chloro-4- [ (2 , 5- 
dif luorophenyl) (hydroxy) methyl ] pyridin-2-yl ] carbamate 
[1259] 

[Chemical formula 129] 



Under a nitrogen atmosphere, a tetrahydrof uran 
solution (1M, 33.8 ml, 33.8 mmol) of sodium 

bis (trimethylsilyl) amide was added to a tetrahydrof uran (80 
ml) solution of (2-amino-5-chloropyridin-4-yl) -(2, 5- 
dif luorophenyl) methyl t-butyl carbonate (5.70 g, 15.4 mmol) 
at 0°C, followed by further addition of a tetrahydrof uran 
(20 ml) solution of di-t-butyl dicarbonate (3.69 g, 16.9 
mmol) . After stirring at room temperature for 30 minutes, 
a saturated aqueous solution of ammonium chloride was added 
to the reaction mixture. The product thus obtained was 
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[1260] 



^ extracted with dichloromethane . The organic layer was 
dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. 

The residue thus obtained was dissolved in a mixed 
solvent of tetrahydrofuran (50 ml) and methanol (50 ml) . 
To the resulting solution was added IN sodium hydroxide (50 
ml) at room temperature. The resulting mixture was stirred 
at 50°C for 2 hours and concentrated under reduced 
pressure. The product thus obtained was extracted with 
dichloromethane. The residue was washed with an 
ethanol/hexane mixed solvent and collected by filtration to 
afford the title compound (3.49 g, 9.41 mmol, 61%) as a 
white solid. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was washed with an 
ethanol/diethyl ether/hexane mixed solvent and collected by 
filtration to give the title compound ( 828 mg, 2.23 mmol, 
15%) as a white solid. 
[1261] 

^-NMR (4 00MHz, CDC1 3 ) 5: 1.54 (9H,s), 2 . 69 ( 1H, d, J=4 . 9Hz ) , 
6.32 (lH,d, J=4.9Hz) , 6 . 8 8-7 . 08 ( 3H, m) , 7.81(lH,s), 
8.17 (lH,s) , 8.33(lH,s) . 
MS m/z: 371 (M + +H) . 
[1262] 

Referential Example 48: O-Ethyl S- ( 4-chloro-3- 
methoxyphenyl) dithiocarbonate 
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^ [1263] 

[Chemical formula 130] 

s KJ^ C] 
[1264] 

In IN hydrochloric acid (80 ml) was dissolved 4- 
chloro-3-methoxyaniline (2.77 g, 17.6 mmol). After 
dropwise addition of a water (10 ml) solution of sodium 
nitrite (1.33 g, 19.3 mmol) to the resulting solution at 
0°C, the reaction mixture was stirred at the same 
temperature for 30 minutes. The temperature of the 
reaction mixture was raised to 60°C. At the same 
temperature, a water (30 ml) solution of potassium O-ethyl 
dithiocarbonate (3.10 g, 19.3 mmol) was added dropwise to 
the reaction mixture. The temperature of the reaction 
mixture was raised to 90°C. After stirring for 1 hour, the 
reaction mixture was cooled to room temperature. A 
saturated aqueous solution of sodium bicarbonate was added 
to the reaction mixture. The product thus obtained was 
extracted with ethyl acetate. The organic layer was dried 
over anhydrous sodium sulfate, and filtered. The filtrate 
was concentrated under reduced pressure and the residue 
thus obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane:dichloromethane=9: 1 eluate was concentrated under 
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reduced pressure to give the title compound (1.05 g, 4.00 
mmol, 23%) as a yellow oil. 
[1265] 

^-NMR (4 00MHz, CDC1 3 ) 5: 1 . 35 ( 3H, t, J=7 . 1Hz) , 3.91 (3H,s) , 
4.62 (2H,q, J=7.1Hz) , 7 . 03-7 . 08 ( 2H, m) , 7 . 41 ( 1H, d, J=8 . 1Hz) . 
MS m/z: 2 63 (M + +H) . 
[1266] 

Example 237: t-Butyl [5-chloro-4- [ (4-chloro-3- 
methoxyphenylthio) (2, 5-dif luorophenyl) methyl] pyridin-2- 

yl] carbamate 

[1267] 

[Chemical formula 131] 



To an ethanol (5 ml) solution of O-ethyl S-(4-chloro- 
3-methoxyphenyl) dithiocarbonate (394 mg, 1.50 mmol) was 
added a IN aqueous solution of sodium hydroxide (5 ml) . 
The resulting mixture was heated under reflux for 1 hour. 
After the reaction mixture was cooled to room temperature, 
ethanol was distilled off under reduced pressure. The 
residue was washed with dichloromethane . The water layer 
was acidified with acetic acid. The product thus obtained 
was extracted with dichloromethane. The organic layer was 
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[1268] 



dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure to give 4- 
chloro-3-methoxybenzenethiol as a colorless oil. 

To a dichloromethane solution of the t-butyl [5- 
chloro-4-[ (2, 5-dif luorophenyl) (hydroxy ) methyl ] pyridin-2- 
yl] carbamate (371 mg, 1.00 mmol) obtained in Referential 
Example 47 were added methanesulf onyl chloride (0.155 ml, 
2.00 mmol) and then, triethylamine (0.418 ml, 3.00 mmol) at 
0°C. The resulting mixture was stirred at room temperature 
for 2 hours. The reaction mixture was washed with a 
saturated aqueous solution of sodium bicarbonate. The 
organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. 

To an N, N-dimethylf ormamide (10 ml) solution of the 
residue were sequentially added an N, N-dimethylf ormamide (5 
ml) solution of the 4-chloro-3-methoxybenzenethiol obtained 
above and potassium carbonate (207 mg, 1.50 mmol) under a 
nitrogen atmosphere. The resulting mixture was stirred at 
room temperature for 2 0 hours. Ethyl acetate was added to 
the reaction mixture. The resulting mixture was washed 
with a saturated aqueous solution of sodium bicarbonate. 
The organic layer was dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 



silica gel chromatography. The fraction obtained from the 
hexane: ethyl acetate=19:l eluate was concentrated under 
reduced pressure to give the title compound (354 mg, 0.67 
mmol, 67%) as a white solid. 
[1269] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 1.55 (9H, s) , 3.81 (3H,s) , 6.07 (lH,s) , 
6.91-7.08 (3H,m) , 6 . 97 ( 1H, dd, J=7 . 8 , 2 . 0Hz ) , 
7.00 (lH,d, J=2.0Hz) , 7 . 23 ( 1H, d, J=7 . 8Hz ) , 7.8 6 (1H, s) , 
8.18 (lH,s) , 8.55(lH,s) . 
MS m/z: 527 (M + +H) . 
[1270] 

Example 238: t-Butyl [5-chloro-4- [ (4-chloro-3- 
methoxyphenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] carbamate 
[1271] 

[Chemical formula 132] 



To an ethyl acetate (8 ml) solution of t -butyl [5- 
chloro-4-[ (4-chloro-3-methoxyphenylthio) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] carbamate (354 mg, 0.67 
mmol) were added methanol (8 ml), 31% aqueous hydrogen 
peroxide (8 ml) and hexaammonium heptamolybdate 




[1272] 
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tetrahydrate (166 mg, 0.13 mmol) . The resulting mixture 
was stirred at room temperature for 2 0 hours- Water was 
added to the reaction mixture and ethyl acetate and 
methanol were distilled off under reduced pressure. To the 
residue was added a saturated aqueous solution of sodium 
bicarbonate. The product thus obtained was extracted with 
dichloromethane . The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=9:l eluate was concentrated under 
reduced pressure. The residue thus obtained was washed 
with a diethyl ether/hexane mixed solvent and collected by 
filtration to give the title compound (308 mg, 0.55 mmol, 
82%) as a white solid. 
[1273] 

1 H-NMR ( 4 00MHz, CDC1 3 ) 5: 1 . 58 (9H, s) , 3 . 82 (3H, s) , 6.27 (1H, s) , 
6.94-7. 09 (2H,m) , 7.2 4 ( 1H, d, J=2 . 0Hz ) , 

7.36(lH,dd, J=8.3,2.0Hz) , 7 . 4 6 ( 1H, d, J=8 . 3Hz) , 7.56- 
7.62 (2H,s) , 8.18 (lH,s) , 8.89(lH,s) . 
MS m/z: 559 (M + +H) . 
[1274] 

Example 239: [5-Chloro-4- [ (4-chloro-3- 

methoxyphenylsulf onyl) (2, 5-dif luorophenyl) methyl] pyridin-2- 
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yl] amine 
[1275] 

[Chemical formula 133] 




[1276] 

To a dichloromethane (5 ml) solution of t-butyl [5- 
chloro-4- [ (4-chloro-3-methoxyphenylsulfonyl) (2,5- 
dif luorophenyl)methyl]pyridin-2-yl] carbamate (300 mg, 0.54 
mmol) was added trif luoroacetic acid (5 ml) at 0°C . The 
resulting mixture was stirred at room temperature for 2 
hours. The reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was dissolved in 
dichloromethane. The resulting solution was washed with a 
IN aqueous sodium hydroxide solution. The organic layer 
was dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was washed with diethyl ether and 
then collected by filtration to give the title compound 
(208 mg, 0.45 mmol, 84%) as a white solid. 
[1277] 

1 H-NMR (400MHz, CDCI3) 5 : 3. 82 (3H, s) , 4 . 66 (2H, s) , 6. 14 (1H, s) , 

6.91-6.98 (lH,m) , 7 . 02-7 . 09 ( 1H, m) , 7 . 09 ( 1H, d, J=2 . 0Hz ) , 

7 .25 (lH,dd, J=8 .3, 2 . 0Hz) , 7.34 (1H, s) , 7.4 6 (lH,d, J=8 . 3Hz) , 



7.51-7.57 (lH,s) , 7.99<1H, s) . 

IR(ATR) cm" 1 : 3151, 1645, 1595, 1481, 1414, 1390, 1325, 
1254, 1140, 1055,1026. 
mp: 198 to 200°C. 

Elemental Analysis for C19H14CI2F2N2O3S : Calculated: C, 49.69; 
H,3.07; CI, 15.44; F,8.27; N,6.10; S,6.98. Found: C, 49.56; 
H,3.03; CI, 15.29; F,8.58; N,6.08; S,7.07. 
MS m/z: 459 (M + +H) . 
[1278] 

Example 24 0: [ 5-Chloro-4- [ ( 2 , 5-di f luorophenyl ) (4- 
methoxyphenylsulfonyl) methyl] pyridin-2-ylj amine 
[1279] 

[Chemical formula 134] 




[1280] 

To a dichloromethane solution of the t-butyl [5- 
chloro-4- [ (2, 5-dif luorophenyl) (hydroxy ) methyl ] pyridin-2- 
yl] carbamate (148 mg, 0.40 mmol) obtained in Referential 
Example 47 were added methanesulf onyl chloride (0.046 ml, 
0.60 mmol) and then, triethylamine (0.167 ml, 1.20 mmol) at 
0°C. The resulting mixture was stirred at room temperature 
for 16 hours. The reaction mixture was washed with a 
saturated aqueous solution of sodium bicarbonate. The 



460 



organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure . 

To an N, N-dimethylf ormamide (4 ml) solution of the 
residue thus obtained were added 4-methoxybenzenethiol (56 
mg, 0.40 mmol) and then potassium carbonate (66 mg, 0.48 
mmol) under a nitrogen atmosphere. The resulting mixture 
was stirred at room temperature for 19 hours. Ethyl 
acetate was added to the reaction mixture. The resulting 
mixture was washed with a saturated aqueous solution of 
sodium bicarbonate. The organic layer was dried over 
anhydrous sodium sulfate and filtered. The filtrate was 
concentrated under reduced pressure. 

To an ethyl acetate (8 ml) solution of the residue 
thus obtained were added methanol (8 ml), 31% aqueous 
hydrogen peroxide (4 ml) and hexaammonium heptamolybdate 
tetrahydrate (99 mg, 0.08 mmol). The resulting mixture was 
stirred at room temperature for 20 hours. Water was added 
to the reaction mixture. Ethyl acetate and methanol were 
distilled off under reduced pressure. To the residue was 
added a saturated aqueous solution of sodium bicarbonate. 
The product thus obtained was extracted with 
dichloromethane . The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. 
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To a dichloromethane (3 ml) solution of the residue 
thus obtained was added trif luoroacetic acid (3 ml) at 0°C . 
The resulting mixture was stirred at room temperature for 2 
hours. The reaction mixture was concentrated under reduced 
pressure. The residue was dissolved in dichloromethane. 
The resulting solution was washed with a saturated aqueous 
solution of sodium bicarbonate. The organic layer was 
dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=3:2 eluate was concentrated under 
reduced pressure. The residue was washed with a diethyl 
ether/hexane mixed solvent and then collected by filtration 
to give the title compound (67 mg, 0.16 mmol, 40%) as a 
white solid. 
[1281] 

1 H-NMR ( 4 0 0MHz , CDCl 3 ) 5: 3. 87 (3H, s) , 4 . 63 (2H, s) , 6. 10 (1H, s) , 
6. 87-6. 94 (lH,m) , 6 . 90 (2H, d, J=8 . 8Hz) , 6. 98-7 . 06 (lH,m) , 
7 .31 (1H, s) , 7.51-7 .57 (lH,m) , 7.59 (2H,d, J=8 . 8Hz) , 
7.97 (1H,S) . 

IR (ATR) cm -1 : 3469, 3294, 3172, 1630, 1593, 1491, 1419, 
1327, 1261, 1244, 1230, 1142, 1092. 
mp: 153-155°C. 

Elemental Analysis for C19H15CIF2N2O3S : Calculated: C, 53.71; 
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H,3.56; CI, 8.34; F,8.94; N,6.59; S,7.55. Found: C, 53.53; 
H,3.55; CI, 8.34; F,9.06; N,6.31; S,7.79. 
MS m/z : 425 (M + +H) . 
[1282] 

Example 241: [5-Chloro-4- [ ( 5-chloropyridin-2- 
ylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2-yl ] amine 
[1283] 

[Chemical formula 135] 




[1284] 

In a similar manner to Example 240, the title 
compound (74 mg, 0.17 mmol, 43%) was obtained as a white 
solid by using the t-butyl [5-chloro-4- [ (2, 5- 
dif luorophenyl) (hydroxy)methyl]pyridin-2-yl] carbamate (148 
mg, 0.40 mmol) obtained in Referential Example 47 and the 
5-chloro-2-pyridinethiol (58 mg, 0.40 mmol) obtained in 
Referential Example 17. 
[1285] 

^-NMR (4 00MHz, CDC1 3 ) 5: 4.62(2H,s), 6.77(lH,s), 6.95- 
7.08(2H,m), 7.28(lH,s), 7 . 40-7 . 47 (1H, m) , 7 . 82-7 . 84 (2H, m) , 
8.00(lH,s), 8.68-8.70 (lH,m) . 

IR(ATR)cm _1 : 3427, 3317, 3199, 1635, 1491, 1477, 1327, 
1238, 1163, 1113, 1018. 
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mp: 187 to 189°C. 

Elemental Analysis, for C17H11CI2F2N3O2S : Calculated: C, 47.46; 
H,2.58; CI, 16.48; F,8.83; N,9.77; S,7.45. Found: C, 47.43; 
H,2.64; CI, 16.52; F,8.98; N,9.69; S,7.71. 
MS m/z: 430 (M + +H) . 
[1286] 

Example 242: N- [5-Chloro-4- [ ( 5-chloropyridin-2- 
ylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl ] methane sul fonamide 
[1287] 

[Chemical formula 136] 



Under an argon atmosphere, a tetrahydrof uran solution 
(1M, 0.705 ml, 0.71 mmol) of sodium 

bis (trimethylsilyl) amide was added to a tetrahydrof uran (4 
ml), solution of [ 5-chloro-4- [ ( 5-chloropyridin-2- 
ylsulfonyl) (2, 5-dif luorophenyl) methyl ] pyridin-2~yl ] amine 

(92 mg, 0.21 mmol) at 0°C. The resulting mixture was 
stirred for 30 minutes. To the reaction mixture was added 
methanesulf onyl chloride (0.055 ml, 0.71 mmol). At the 
same temperature, the resulting mixture was stirred for 2 
hours. The temperature of the reaction mixture was then 




[1288] 
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raised to room temperature. To the reaction mixture was 
added a saturated aqueous solution of ammonium chloride. 
The product thus obtained was extracted with diethyl ether. 
The organic layer was dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the dichloromethane : ethyl acetate=19:l eluate was 
concentrated under reduced pressure. The residue thus 
obtained was washed with an ethanol/hexane mixed solvent 
and then, collected by filtration to give the title 
compound (27 mg, 0.053 mmol, 25%) as a white solid. 
[1289] 

^H-NMR (4 00MHz, CDC1 3 ) 5: 3.32 (3H,s) , 6.86(1H, s) , 6.98- 
7.09(2H,m) , 7 . 36-7 . 43 ( lH,m) , 7.75(lH,s) , 

7 .85 (lH,dd, J=8 .3, 2 .2Hz) , 7 . 90 (1H, d, J=8 .3Hz) , 7 . 93 (1H, s) , 
8 .32 (1H, s) , 8 . 67 (lH,d, J=2 .2Hz) . 

IR(ATR)cm _1 : 1603, 1568, 1493, 1389, 1329, 1240, 1144, 
1109. 

mp: 214 to 216°C. 

Elemental Analysis for C18H13CI2F2N3O4S2 : Calculated: C, 42.53; 
H,2.58; CI, 13.95; F,7.47; N,8.27; S,12.62. Found: C, 42 . 56; 
H,2.56; CI, 14.03; F,7.54; N,8.23; S, 12.58. 
MS m/z: 508 (M + +H) . 
[1290] 
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Referential Example 49: 5-Chlorothiophene-2-thiol 
[1291] 

[Chemical formula 137] 

a^ysH 

[1292] 

To an acetic acid (15 ml) solution of 5- 
chlorothiophene-2-sulfonyl chloride (0,557 ml, 4.00 mmol) 
was added a IN hydrochloric acid (3 ml) solution of tin 
(II) chloride (3.03 g, 16.0 mmol) at 75°C. The reaction 
mixture was cooled to room temperature, followed by the 
addition of water thereto. The product was extracted with 
dichloromethane . The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. To the residue thus 
obtained was added toluene, followed by concentration under 
reduced pressure again. The residue thus obtained was 
washed with diethyl ether, and collected by filtration to 
give the title compound (98 mg, 0.65 mmol, 16%) as a yellow 
solid. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was washed with a 
mixed solvent of diethyl ether/hexane and collected by 
filtration to give the title compound (118 mg, 0.78 mmol, 
20%) as a yellow solid. 
[1293] 

4 6.6 



1 H-NMR (400MHz, CDCI3) 5: 6.81 (lH,d, J=3.9Hz) , 

6.85(lH,d, J=3.9Hz) . 

[1294] 

Example 243: [ 5-Chloro-4- [ ( 5-chlorothiophen-2- 
ylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridin-2-yl ] amine 
[1295] 

[Chemical formula 138] 



In a similar manner to Example 240, the title 
compound (96 mg, 0.22 mmol, 55%) was obtained as a white 
solid by using the t-butyl [ 5-chloro-4- [ (2, 5- 
dif luorophenyl ) (hydroxy ) methyl ] pyridin-2-yl ] carbamate (148 
mg, 0.40 mmol) obtained in Referential Example 47 and 5- 
chlorothiophene-2-thiol (90 mg, 0.60 mmol). 
[1297] 

1 H-NMR (4 00MHz, CDCI3) 6 : 4.66(2H,s), 6.25(lH,s), 
6. 93 (1H, d, J=4 .2Hz) , 6 . 97-7 . 1 1 ( 2H, m) , 7.28(lH,s), 
7.29(lH,d, J=4.2Hz) , 7 . 47-7 . 53 ( 1H, m) , 8.02(lH,s). 
IR(ATR)cm _1 : 3438, 3180, 1643, 1595, 1543, 1485, 1404, 
1315, 1242, 1138, 993. 
mp: 170 to 171°C. 

Elemental Analysis for C16H10CI2F2N2O2S2 : Calculated: C,44.15 




[1296] 
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H,2.32; CI, 16.29; F,8.73; N,6.44; S, 14.73. Found: C, 44.22; 
H,2.41; 01,16.00; F,8.77; N,6.46; S, 14.81. 
MS m/z: 435 (M + +H) . 
[1298] 

Example 244: t-Butyl [5-chloro-4-'[ ( 6-chloropyridin-3- 
ylthio) (2, 5-dif luorophenyl) methyl] pyridin-2-yl ] carbamate 
[1299] 

[Chemical formula 139] 



In a similar manner to Example 237, the title 
compound (190 mg, 0.38 mmol, 94%) was obtained as a white 
solid by using the O-ethyl S- ( 6-chloropyridin-3-yl ) 
dithiocarbonate (187 mg, 0.80 mmol) obtained in Referential 
Example 26 and the t-butyl [5-chloro-4- [ (2, 5- 
dif luorophenyl) (hydroxy ) methyl ] pyridin-2-yl ] carbamate (151 
mg, 0.41 mmol) obtained in Referential Example 47. 
[1301] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 1 .56 (9H, s) , 6. 01 (1H, s) , 6. 93- 

7.08 (3H,m) , 7.22 ( 1H, d, J=8 . 3Hz ) , 7.42 (lH,s) , 

7.71 (lH,dd,J=8. 3, 2.5Hz) , 8.16(lH,s) , 8 . 37 ( 1H, d, J=2 . 5Hz ) , 

8 . 50 (1H, s) . 

MS m/z: 498 (M + +H) . 
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[1302] 

Example 245: [5-Chloro-4- [ ( 6-chloropyridin-3- 
ylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2-yl] amine 
[1303] 

[Chemical formula 140] 




[1304] 

To a dichloromethane (5 ml) solution of t-butyl [5- 
chloro-4-[ ( 6-chloropyridin-3-ylthio) (2,5- 

difluorophenyl)methyl]pyridin-2-yl] carbamate (187 mg, 0.38 
mmol) was added 3-chloroperbenzoic acid (199 mg, 0.75 mmol) 
at room temperature. The resulting mixture was stirred for 
2 hours. The reaction mixture was washed with a IN aqueous 
sodium hydroxide solution. The organic layer was dried 
over anhydrous sodium sulfate, and filtered. The filtrate 
was concentrated under reduced pressure. 

The residue thus obtained was dissolved in 
dichloromethane (3 ml) . At 0°C, trif luoroacetic acid (3 
ml) was added and the resulting mixture was stirred at room 
temperature for 1 hour. The reaction mixture was 
concentrated under reduced pressure. The residue was 
dissolved in dichloromethane. The resulting solution was 
washed with a IN aqueous solution of sodium hydroxide. The 
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organic layer was dried over anhydrous sodium sulfate, and. 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate=3:l eluate was concentrated 
under reduced pressure. The residue thus obtained was 
washed with an ethanol/hexane mixed solvent, and collected 
by filtration to give the title compound (90 mg, 0.21 mmol, 
55%) as a white solid. 
[1305] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 4.68 (2H,s) , 6.15(lH,s) , 6.93- 
7.00 (lH,m) , 7. 05-7 . 12 (lH,m) , 7.29 (1H, s) , 
7.4 4 (lH,d, J=8.3Hz) , 7 . 4 8-7 . 54 ( 1H, m) , 

7.. 91 (lH,dd, J=8.3,2.4Hz) , 8.01 (lH,s) , 8.58 ( 1H, d, J=2 . 4Hz ) . 
IR (ATR) cm" 1 : 3342, 3167, 1495, 1479, 1331, 1240, 1161, 
1115. 

mp: 157 to 158°C. 

Elemental Analysis for C17H11CI2F2N3O2S : Calculated: C, 47. 46; 
H,2.58; CI, 16. 48; F,8.83; N,9.77; S,7.45. Found: C, 47.24; 
H,2.59; CI, 16.50; F,8.80; N,9.82; S,7.61. 
MS m/z: 430 (M + +H) . 
[1306] 

Example 24 6: 4- [ ( 2-Amino-5-chloropyridin-4-yl ) (2, 5- 

dif luorophenyl) methylsulf onyl] benzonitrile 

[1307] 
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[Chemical formula 141] 




[1308] 

In a similar manner to Example 240, the title 
compound (99 mg, 0.24 mmol, 59%) was obtained as a white 
solid by using the t-butyl [5-chloro-4- [ (2, 5- 
dif luorophenyl) (hydroxy) methyl ] pyridin-2-yl ] carbamate (14 8 
mg, 0.40 mmol) obtained in Referential Example 47 and 4- 
mercaptobenzonitrile (56 mg, 0.41 mmol). 
[1309] 

1 H-NMR (4 00MHz, CDCI3) 5 : 4.68 (2H,s) , 6.15(lH,s) , 6.8 9- 
6.96 (lH,m) , 7 .03-7 . 10 (lH,m) , 7.31 (1H, s) , 7.4 9-7.55 (lH,m) , 
7 .76 (2H,d, J=8 .5Hz) , 7 . 81 (2H,d, J=8 . 5Hz) , 7 . 99 (1H, s) . 
IR(ATR) cm' 1 : 3388, 1618, 1495, 1415, 1331, 1149. 
mp: 233 to 235°C. 

Elemental Analysis for C19H12CIF2N3O2S : Calculated: C, 54 .36; 
H,2.88; CI, 8.44; F,9.05; N, 10.01; S,7.64. Found: C, 54.41; 
H,2.93; CI, 8.41; F,8.92; N,9.92; S,7.69. 
MS m/z: 42 0 (M + +H) . 
[1310] 

Example 247: [ 5-Chloro-4- [ (2, 5-dif luorophenyl) (3,4- 
dif luorophenyl sulfonyl) methyl] pyridin-2-yl ] amine 
[1311] 
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[Chemical formula 142] 




[1312] 

In a similar manner to Example 240, the title 
compound (59 mg, 0.14 mmol, 27%) was obtained as a white 
solid by using the t-butyl [5-chloro-4- [ (2, 5- 
dif luorophenyl) (hydroxy) methyl ]pyridin-2-yl] carbamate (185 
mg, 0.50 mmol) obtained in Referential Example 47 and 3,4- 
dif luorobenzenethiol (84 mg, 0.55 mmol). 
[1313] 

1 H-NMR (400MHz, CDC1 3 ) 6: 4.67(2H,s), 6.13(lH,s), 6.91- 

6.98 (lH,m), 7.03-7.10(lH,m) , 7 . 23-7 . 31 ( 1H, m) , 7.31(lH,s), 

7.45-7.55(3H,m) , 8.00(lH,s). 

IR(ATR)cm _1 : 3452, 3168, 1635, 1599, 1493, 1415, 1325, 
1281, 1244, 1144, 1120. 
mp: 140 to 141°C. 

Elemental Analysis for Ci 8 HiiC1F 4 N 2 02S : Calculated: C, 50.18; 
H,2.57; CI, 8.23; F, 17.64; N,6.50; S,7.44. Found: C, 50.12; 
H,2.60; CI, 8.25; F, 17.35; N,6.51; S,7.58. 
MS m/z: 431 (M + +H) . 
[1314] 

Example 248: N- [5-Chloro-4- [ (2, 5-dif luorophenyl) (3, 4- 
dif luorophenyl sul f onyl ) methyl ] pyridin-2-yl ] -N- 
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(methyl sul f onyl ) methanesul f onamide 
[1315] 

[Chemical formula 143] 




[1316] 

Under a nitrogen atmosphere, methanesulf onyl chloride 
(0.034 ml, 0.44 mmol), triethylamine (0.062 ml, 0.44 mmol) 
and 4-dimethylaminopyridine (4 mg, 0.03 mmol) were added to 
a dichloromethane (3 ml) solution of [5-chloro-4- [ (2, 5- 
dif luorophenyl) (3, 4-dif luorophenylsulf onyl) methyl] pyridin- 
2-yl] amine (63 mg, 0.15 mmol) at 0°C. The resulting 
mixture was stirred at room temperature for 17 hours. The 
reaction mixture was washed with IN hydrochloric acid- The 
organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=3:l eluate was concentrated 
under reduced pressure to give the title compound (73 mg, 
0.12 mmol, 85%) as a white solid. 
[1317] 

1 H-NMR (400MHz, CDCI3) 5 • 3. 63 (6H, s) , 6.22 (1H, s) , 7.02- 
7.16(2H,m) , 7.22-7.31 (lH,m) , 7.45-7.51 (2H,m) , 7.56- 
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7 . 62 (lH,m) , 8 . 17 (1H, s) , 8.45 (1H, s) . 
MS m/z: 587 (M + +H) . 
[1318] 

Example 249: N- [5-Chloro-4- [ (2, 5-dif luorophenyl) (3, 4- 
dif luorophenylsulf onyl) methyl] pyridin-2- 
yl] methane sulfonamide 
[1319] 

[Chemical formula 144] 




F 



[1320] 

Under a nitrogen atmosphere, a tetrahydrof uran 
solution (1M, 0.147ml, 0.15 mmol) of tetrabutylammonium 
fluoride was added to a tetrahydrof uran (2 ml) solution of 
N- [5-chloro-4- [ (2, 5-dif luorophenyl) (3,4- 
dif luorophenylsulf onyl) methyl] pyridin-2-yl] -N- 
(methylsulfonyl)methanesulfonamide (72 mg, 0.12 mmol). The 
resulting mixture was stirred at room temperature for 2 
hours. After the reaction mixture was concentrated under 
reduced pressure, the residue thus obtained was dissolved 
in ethyl acetate. The resulting solution was washed 
sequentially with IN hydrochloric acid and a saturated 
aqueous solution of ammonium chloride. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
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filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=3:l eluate was concentrated under 
reduced pressure. The residue thus obtained was washed 
with a mixed solvent of diethyl ether/hexane and collected 
by filtration to give the title compound (53 mg, 0.10 mmol, 
84%) as a white solid. 
[1321] 

1 H-NMR (4 00MH, CDCI3) 5: 3. 35 (3H, s) , 6. 19 (1H, s) , 6. 92- 
6.99 (lH,m) , 7.04-7.12 (lH,m) , 7 . 25-7 . 32 ( 1H, m) , 7.4 4- 
7 . 60 (3H,m) , 7 . 98 (1H, s) , 7 . 99 (1H, s) , 8 . 34 (1H, s) . 
IR(ATR)cm _1 : 1599, 1495, 1468, 1333, 1281, 1146, 1003, 970. 

mp: 118 to 120°C. 
MS m/z: 509 (M + +H) . 

FAB-MS: 509.0044 (Calcd for C19H14CIF4N2O4S2 : 509.0020). 
[1322] 

Referential Example 50: O-Ethyl S-(6- 

trif luoromethylpyridin-3-yl ) dithiocarbonate 

[1323] 

[Chemical formula 145] I 




[1324] 



After 6-trif luoromethylpyridin-3-ylamine (1.00 g, 
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6.02 mmol) was dissolved in IN hydrochloric acid (15 ml) 
and methanol (3 ml), a water (3 ml) solution of sodium 
nitrite (506 mg, 7.22 mmol) was added dropwise to the 
resulting solution at -10°C. The reaction mixture was 
added dropwise to a water (15 ml) solution of potassium o- 
ethyl dithiocarbonate (1.93 g, 12.0 mmol) heated to 65°C. 
At the same temperature, the reaction mixture was stirred 
for 30 minutes. After the reaction mixture was cooled to 
room temperature, the product thus obtained was extracted 
with ethyl acetate. The extract was washed with brine. 
The organic layer was dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=100 : 1 eluate was concentrated 
under reduced pressure to give the title compound (895 -mg, 
3.35 mmol, 56%) as a yellow oil. 
[1325] 

X H-NMR (400MHz, CDC1 3 ) 5: 1.38 ( 3H, t , J=7 . 1Hz ) , 
4.65 (2H,q, J=7.1Hz) , 7 . 7 6 ( 1H, d, J=8 . 1Hz ) , 
8.01 (lH,dd, J=8 . 1, 2.0Hz) , 8 . 79 (1H, d, J=2 . 0Hz) . 
MS m/z : 268 (M + +H) . 
[1326] 

Example 250: [ 5-Chloro-4- [ ( 2 , 5-dif luorophenyl ) (6- 
trif luoromethylpyr idin- 3- ylsulfonyl) methyl] pyridin-2- 
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yl] amine 
[1327] 

[Chemical formula 14 6] 




[1328] 

To an ethanol (2 ml) solution of O-ethyl S-(6- 
trif luoromethylpyridin-3-yl ) dithiocarbonate (160 mg, 0.60 
mmol) was added a IN aqueous sodium hydroxide solution (2 
ml) . The resulting mixture was stirred at 65°C for 2 
hours. After the reaction mixture was cooled to room 
temperature and then, water was added thereto. The 
resulting mixture was washed with dichloromethane . The 
water layer was acidified with IN hydrochloric acid, and 
the product was extracted with dichloromethane. The 
organic layer was dried over anhydrous sodium sulfate and 
then filtered. The filtrate was concentrated under reduced 
pressure to afford 6-trif luoromethylpyridine-3-thiol as a 
colorless oil. 

To a dichloromethane solution of the t-butyl [5- 
chloro-4- [ (2 , 5-dif luorophenyl) (hydroxy ) methyl ] pyridin-2- 
yl] carbamate (185 mg, 0.50 mmol) obtained in Referential 
Example 47 were sequentially added methanesulf onyl chloride 
(0.077 ml, 1.00 mmol) and triethylamine (0.279 ml, 2.00 
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mmol) at room temperature. The resulting mixture was 
stirred at room temperature for 1 hour. The reaction 
mixture was washed with a saturated aqueous solution of 
sodium bicarbonate. The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. 

To an N, N-dimethylf ormamide (5 ml) solution of the 
residue thus obtained were added an N, N-dimethylf ormamide 
(5 ml) solution of the 6-trif luoromethylpyridine-3-thiol 
obtained above and potassium carbonate (104 mg, 0.75 mmol) 
sequentially under a nitrogen atmosphere. The resulting 
mixture was stirred at room temperature for 15 hours. 
Ethyl acetate was added to the reaction mixture. The 
resulting mixture was washed sequentially with a saturated 
aqueous solution of sodium bicarbonate and brine. The 
organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure . 

To an ethyl acetate (10 ml) solution of the residue 
thus obtained were added methanol (10 ml), 31% aqueous 
hydrogen peroxide (5 ml) and hexaammonium heptamolybdate 
tetrahydrate (99 mg, 0.08 mmol). The resulting mixture was 
stirred at 50°C for 4 hours. To the reaction mixture was 
added water and ethyl acetate and methanol were distilled 
off under reduced pressure. A saturated aqueous solution 
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of sodium bicarbonate was added to the residue. The 
product thus obtained was extracted with dichloromethane . 
The organic layer was dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=9:l eluate was concentrated 
under reduced pressure. 

To a dichloromethane (5 ml) solution of the residue 

thus obtained was added trif luoroacetic acid (5 ml) at 0°C . 
The resulting mixture was stirred at room temperature for 2 
hours. After the reaction mixture was concentrated under 
reduced pressure, the residue was dissolved in 
dichloromethane. The resulting solution was washed with a 
saturated aqueous solution of sodium bicarbonate. The 
organic layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=4 : 1 eluate was concentrated 
under reduced pressure. The residue thus obtained was 
washed with an ethanol/hexane mixed solvent and collected 
by filtration to give the title compound (75 mg, 0.16 mmol, 
32%) as a white solid. 
[1329] 
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1 H-NMR (4 00MHz, CDCI3) 5 : 4.71(2H,s), 6.18(lH,s), 6.91- 
6.99(lH,m) / 7 . 06-7 . 14 (lH,m) , 7.30(lH,s), 7 . 50-7 . 56 ( 1H, m) , 
7.81 (lH,d, J=8.1Hz) , 8.01(lH,s), 8 . 2 0 < 1H, dd, J=8 . 1 , 2 . 0Hz ) , 
8.90 (lH,d, J=2.0Hz) . 

IR(ATR) cm" 1 : 3446, 3157, 1649, 1601, 1485, 1419, 1325, 
1147, 1101, 1076. 
mp: 201 to 202°C. 

Elemental Analysis for CisHuCIFsNbC^S- 0 . 25H 2 0: Calculated: 
C, 46.16; H,2.48; CI, 7.57; F, 20.28; N,8.97; S,6.85. Found: 
C, 46.30; H,2.36; CI, 7. 61; F, 19.96; N,8.93; S,7.12. 
MS m/z: 4 64 (M + +H) . 
[1330] 

Referential Example 51: O- Ethyl S- ( 4-chloro-3-f luorophenyl ) 

dithiocarbonate 

[1331] 

[Chemical formula 147] 



In a similar manner to Referential Example 50, the 
title compound (379 mg, 1.51 mmol, 38%) was obtained as a 
yellow oil by using 4-chloro-3-f luoroaniline (582 mg, 4.00 
mmol) . 
[1333] 

1 H-NMR(4 00MHz,CDCl 3 )5: 1 . 3 6 ( 3H, t , J=7 . 1Hz ) , 




[1332] 
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4.63(2H,q, J=7.1Hz) , 7 . 22-7 . 2 5 ( 1H, m) , 7 . 30-7 . 35 ( 1H, m) , 7.4 3- 

7 .49 (lH,m) . 

[1334] 

Example 251: [ 5-Chloro-4- [ (4-chloro-3- 

f luorophenylsulf onyl ) (2, 5- di f luorophenyl ) methyl ] pyridin-2- 

yl] amine 

[1335] 

[Chemical formula 148] 




[1336] 

In a similar manner to Example 250, the title 
compound (78 mg, 0.17 mmol, 35%) was obtained as a white 
solid by using O-ethyl S- ( 4-chloro-3-f luorophenyl ) 
dithiocarbonate (150 mg, 0.60 mmol) and the t-butyl [5- 
chloro-4-[ (2, 5-dif luorophenyl) (hydroxy) methyl] pyridin-2- 
yl] carbamate (185 mg, 0.50 mmol) obtained in Referential 
Example 47. 
[1337] 

1 H-NMR (4 00MHz, CDCl 3 ) 5: 4 . 68 (2H, s) , 6. 14 (1H, s) , 6. 92- 

6.99 (lH,m) , 7 .03-7 . 10 (lH,m) , 7.31 (1H, s) , 7.40-7 . 55 (4H,m) , 

8 .00 (1H, s) . 

IR(ATR) cm" 1 : 3159, 1628, 1543, 1495, 1473, 1408, 1335, 
1238, 1149, 1055. 
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mp: 159 to 160°C. 

Elemental Analysis for C18H11CI2F3N2O2S : Calculated: C, 48.34 ; 
H,2.48; CI, 15.85; F, 12.74; N,6.26; S,7.17. Found: C, 48.22; 
H,2.47; CI, 15.89; F, 12.75; N,6.24; S,7.34. 
MS m/z: 447 (M + +H) . 
[1338] 

Example 252: Methyl (E) -3- [4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] -5-f luoropyridin-2-yl ] acrylate 
[1339] 

[Chemical formula 14 9] 



F 




COOMe 



F0=S=0 

0 

CI 

[1340] 

Under an argon atmosphere, methyl 

(triphenylphosphoranylidene) acetate (259 mg, 0.775 mmol) 
was added to a tetrahydrof uran (5 ml) solution of the [4- 

[ (4-chlorophenylsulf onyl) ( 2 , 5-dif luorophenyl ) methyl ] -5- 
f luoropyridin-2-yl ] carbaldehyde (300 mg, 0.705 mmol) 
obtained in Example 200. The resulting mixture was stirred 
at room temperature for 6 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
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hexane: ethyl acetate=4 : 1 eluate was concentrated under 
reduced, pressure to give the title compound (303 mg, 0.629 
mmol, 89%) as a colorless amorphous substance* 
[1341] 

1 H~NMR (4 00MHz, CDCI3) 5 : 3.84 (3H,s) , 6.07 (lH,s) , 
6.92 (lH,d, J=l 5.6Hz) , 6 . 94-6. 99 (lH,m) , 7.05-7.11 (lH,m) , 
7.4 5 (2H,d, J=8.3Hz) , 7 . 63 ( 2H> d, J=8 . 3Hz ) , 7 . 65-7 . 69 ( 1H, m) , 
7 .73 (1H, d, J=15. 6Hz) , 8 . 05 (1H, d, J=5. 6Hz) , 8 .44 (1H, s) . 
MS m/z: 482 (M + +H) . 
[1342] 

Example 253: Methyl 3- [ 4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl] -5-f luoropyridin-2-yl] propionate 
[1343] 

[Chemical formula 150] 



F 




COOMe 



CI 



[1344] 

A Raney nickel suspension ("R-100", product of Nikko 
Rika Corporation) was washed sequentially with water and 
ethanol to give a corresponding ethanol suspension. The 
resulting ethanol suspension (1 ml) was added to a solution 
of methyl (E) -3- [4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl ) methyl ] -5-f luoropyridin-2-yl] acrylate (290 
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mg, 0.602 ramol) in a mixture of ethanol (6 ml) and 1,4- 
dioxane (4 ml) . The resulting mixture was stirred 
vigorously for 30 minutes under a hydrogen atmosphere of 1 
atmospheric pressure. The reaction mixture was filtered, 
followed by concentration under reduced pressure. The 
residue thus obtained was dissolved in dichloromethane . 
The resulting solution was dried over magnesium sulfate and 
concentrated under reduced pressure. The residue thus 
obtained was washed with hexane to give the title compound 

(252 mg, 0.521 mmol, 87%) as a white powder. 

[1345] 

1 H-NMR (400MHz, CDCI3) 5 : 2.83 (2H, t, J=7 . 1Hz) , 
3. 19 (2H, t, J=7 . 1Hz) , 3.71 (3H, s) , 6. 06 (1H, s) , 6 . 93- 
6.99(lH,m) , 7.03-7.09 (lH,m) , 7.4 4 (2H, d, J=8 . 6Hz) , 
7 . 63 (2H,d, J=8 . 6Hz) , 7 . 64-7 . 69 (lH,m) , 7 . 88 (1H, d, J=5 . 4Hz) , 
8.31 (lH,s) . 
MS m/z: 484 (M + +H) . 
[1346] 

Example 254: 3- [4- [ ( 4-Chlorophenylsulf onyl ) (2, 5- 

dif luorophenyl) methyl] -5-f luoropyridin-2-yl] propionic acid 

[1347] 

[Chemical formula 151] 
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FO=S=0 

0 

CI 

[1348] 

To a solution of methyl 3- [4- [(4- 
chlorophenylsulf onyl ) (2, 5-dif luorophenyl ) methyl ] -5- 
fluoropyridin-2-yl] propionate (150 mg, 0.310 mmol) in a 
mixture of methanol (2 ml) and tetrahydrof uran (2 ml) was 
added a IN aqueous sodium hydroxide solution. The 
resulting mixture was stirred at room temperature for 10 
minutes. The reaction mixture was made weakly acidic by 
the addition of IN hydrochloric acid, followed by 
extraction with dichloromethane . The organic layer was 
dried over magnesium sulfate and concentrated under reduced 
pressure to give the title compound (145 mg, 0.310 mmol, 
quant.) as a white powder. 
[1349] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 2 . 88 (2H, t, J=6. 6Hz) , 3.21-3.25 (2H,m) , 
6.07 (1H, s) , 6. 93-6 . 99 (lH,m) , 7 . 04-7 . 10 (lH,m) , 
7.45 (2H,d, J=8 . 6Hz) , 7 . 62 (2H, d, J=8 . 6Hz) , 7 . 63-7 . 67 (lH,m) , 
7.92 (lH,d, J=5.4Hz) , 8.33 (1H, s) . 

IR(ATR) cnf 1 : 3453, 1716, 1664, 1614, 1571, 1496, 1430, 
1394, 1330, 1284, 1238, 1187, 1151, 1089, 1010. 
mp: 89 to 91°C. 



485 



MS m/z : 470 (M + +H) . 

Elemental Analysis for C21H15CIF3NO4S • 0 . 75H 2 0 : Calculated: 
C52.18; H,3.44; CI, 7. 33; F, 11.79; N,2.90; S,6.63. Found: 
C, 52.20; H,3.65; CI, 7. 11; F,11.43; N,2.99; S,6.58. 
[1350] 

Referential Example 52: 2-Bromo- 5-chloro-4- [ (2, 5- 
dif luorophenyl) hydroxymethyl ] pyridine 
[1351] 

[Chemical formula 152] 



F 




F OH 



[1352] 

Under an argon atmosphere, n-butyl lithium (a 1.58M 
hexane solution, 88 ml, 138 mmol) was added to a 
tetrahydrof uran (200 ml) solution of diisopropylamine (21 
ml, 150 mmol) at -78°C. The resulting mixture was stirred 
for 1 hour. To the reaction mixture was added dropwise a 
tetrahydrofuran (100 ml) solution of 2-bromo-5- 
chloropyridine (19 g, 98.7 mmol). The resulting mixture 
was stirred for 1.5 hours. To the reaction mixture was 
added dropwise 2, 5-dif luorobenzaldehyde (16 ml, 148 mmol), 
followed by stirring for 2 hours. After addition of water, 
the resulting mixture was concentrated under reduced 
pressure. The residue was extracted with dichloromethane . 
The organic layer thus obtained was dried over magnesium 
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sulfate, and concentrated under reduced pressure. The 
residue thus obtained was subjected to silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=6:l eluate was concentrated under 
reduced pressure to give the title compound (24.8 g, 74.1 
mmol, 75%) as a pale yellow powder. 
[1353] 

1 H-NMR (4 00MHz f CDCI3) 5: 2 . 65 (1H, d, J=4 . 2Hz) , 
6.20 (1H, d, J=4 .2Hz) , 6 . 88-6 . 92 ( 1H, m) , 7. 01-7 .27 (2H,m) , 
7 . 81 (1H, s) , 8.30 (1H, s) . 
MS m/z: 334 (M + +H) . 
[1354] 

Example 255: 2-Bromo-5-chloro-4- [ ( 4-chlorophenylthio) (2, 5- 
dif luorophenyl ) methyl] pyridine 
[1355] 

[Chemical formula 153] 



F 




F S 

0 

CI 

[1356] 

Under an argon atmosphere, triethylamine (2.6 ml, 
18.5 mmol) and methanesulf onyl chloride (1.3 ml, 16.0 mmol) 
were added to a dichloromethane solution (80 ml) of 2- 
bromo-5-chloro-4- [ (2, 5- 
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dif luorophenyl) hydroxymethyl] pyridine (4.12 g, 12.3 mmol) 
under ice cooling. The resulting mixture was stirred at 
room temperature for 1.5 hours. To the reaction mixture 
was added a saturated aqueous solution of sodium 
bicarbonate, followed by extraction with diethyl ether. 
The extract was washed with brine, dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure. 

To a dimethyl formamide (40 ml) solution of the 
residue thus obtained were added 4-chlorobenzenethiol (2.1 
g, 14.8 mmol) and potassium carbonate (2.6 g, 18.5 mmol) . 
The resulting mixture was stirred at 50°C for 4 hours. 
After cooling to room temperature, the reaction mixture was 
diluted with diethyl ether. The diluted mixture was washed 
sequentially with water and brine. The organic layer thus 
obtained was dried over magnesium sulfate, and concentrated 
under reduced pressure. The residue thus obtained was 
subjected to flash silica gel column chromatography. The 
fraction obtained from the hexane: ethyl acetate=10:l eluate 
was concentrated under reduced pressure to give the title 
compound (3.3 g, 7.16 mmol, 58%) as a white powder. 
[1357] 

^-NMR (4 00MHz, CDC1 3 ) 5: 5. 96 (1H, s) , 6. 99-7.0 6 (2H,m) , 7.15- 
7.20 (lH,m) , 7.25 (2H,d, J=8.8Hz) , 7.2 8 ( 2H, d, J=8 . 8Hz ) , 
7.69(lH,s) , 8.32 (lH,s) . 
MS m/z: 4 60 (M + +H) . 
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[1358] 

Example 256: [ 5-Chloro-4- [ ( 4-chlorophenylthio ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] methanol 
[1359] 

[Chemical formula 154] 



F 




F S 

0 

CI 

[1360] 

Under an argon atmosphere, n-butyl lithium (a 1.58M 
hexane solution, 0.33 ml, 0.520 mmol) was added to a 
toluene (5 ml) solution of 2-bromo-5-chloro-4- [ ( 4- 
chlorophenylthio) (2, 5-dif luorophenyl) methyl] pyridine (200 
mg, 0.434 mmol) at -78°C. The resulting mixture was 
stirred for 2 hours. To the reaction mixture was added 
dropwise dimethylf ormamide (44 ul, 0.564 mmol). The 
reaction mixture was stirred for 1 hour. To the reaction 
mixture were added methanol (5 ml) and sodium borohydride 
(33 mg, 0. 868 mmol). The temperature of the resulting 
mixture was raised to room temperature, followed by 
stirring for 2 hours. Water was added to the. reaction 
mixture and then, the resulting mixture was extracted with 
ethyl acetate. The extract was washed with brine. The 
organic layer thus obtained was dried over magnesium 
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sulfate, and concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=2:l eluate was concentrated under 
reduced pressure to give the title compound (142 mg, 0.344 
mmol, 80%) as a colorless amorphous substance. 
[1361] 

1 H-NMR (400MHz, CDCI3) 5 : 3 . 19 (1H, t, J=5 . 4Hz) , 
4.75 (2H,d, J=5.4Hz) , 6 . 06 (1H, s) , 6.9 6-7 . 04 (2H,m) , 7.16- 
7.21 (lH,m) , 7.22 ( 2H, d, J=8 . 8Hz ) , 7 . 2 5 ( 2H, d, J=8 . 8Hz ) , 
7.52 (lH,s) , 8.51 (lH,s) . 
MS m/z: 412 (M + +H) . 
[1362] 

Example 257: [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] methanol 

[1363] 

[Chemical formula 155] 



To a methanol (5 ml) solution of [ 5-chloro-4- [ ( 4- 
chlorophenylthio) (2, 5-dif luorophenyl) methyl] pyridin-2- 
yl] methanol (130 mg, 0.315 mmol) were added hexaammonium 



F 




F0=S=0 




ci 



[1364] 
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heptamolybdate tetrahydrate (20 mg) and 30% aqueous 
hydrogen peroxide (3 ml) . The resulting mixture was 
stirred for 6 hours. After water was added to the reaction 
mixture, the resulting mixture was extracted with ethyl 
acetate. The extract was washed sequentially with water, a 
saturated aqueous solution of sodium bicarbonate, a 
saturated aqueous solution of sodium thiosulf ate and brine. 
The organic layer thus obtained was dried over magnesium 
sulfate, and concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=2 : 1 eluate was concentrated under 
reduced pressure. The residue was recrystallized from 
hexane: ethyl acetate to give the title compound (101 mg, 
0.227 mmol, 72%) as a white powder. 
[1365] 

1 H-NMR (400MHz, CDC1 3 ) 5: 3.22 (1H, t, J=5.4Hz) , 

4.8 6 (2H,dd, J=5. 4, 2.0Hz) , 6.24 (lH,s) , 6.91-6.97 (lH,m) , 7.02- 

7.09(lH,m) , 7.45 (2H,d, J=8.8Hz) , 7 . 52-7 . 57 ( 1H, m) , 

7 . 61 (2H, d, J=8 . 8Hz) , 8 . 10 (1H, s) , 8 .52 (1H, s) . 

IR (ATR) cm" 1 : 3255, 1583, 1492, 1428, 1394, 1330, 1280, 

1236, 1159, 1085, 1035. 

mp: 164 to 165°C. 
MS m/z: 444 (M + +H) . 

Elemental Analysis for C19H13CI2F2NO3S : Calculated: C, 51.36; 
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H,2.95; CI, 15. 96; F,8.55; N,3.15; S,7.22. Found: C, 51.26; 
H,2.91; CI, 15. 97; F,8.72; N,3.11; S,7.45. 
[1366] 

Example 258: [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] carbaldehyde 
[1367] 

[Chemical formula 156] 



F 




F0=S=0 
CI 

[1368] 

Under a nitrogen atmosphere, dimethyl sulfoxide (880 
11.3 miriol), triethylamine (1.14ml, 11.3 mmol) and 
sulfur trioxide pyridine complex (1.07 g, 6.75 mmol) were 
added to a dichloromethane (25 ml) solution of [5-chloro-4- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] methanol (1.0 g, 2.25 
mmol) . The resulting mixture was stirred at room 
temperature for 18 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=2:l eluate was concentrated under 
reduced pressure to give the title compound (770 mg, 1.74 
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mmol, 77%) as a colorless amorphous substance. 
[1369] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 6.23 (lH,s) , 6 . 93- 6 . 99 ( 1H, m) , 7.04- 
7 . 10 (lH,m) , 7 . 44 (2H / d / J=8 . 8Hz) , 7 .59-7 . 64 (lH,m) , 
7. 62 (2H, d, J=8 . 8Hz) , 8 . 69 (1H, s) , 8.73 (1H, s) , 10. 09 (1H, s) . 
MS m/z: 442 (M + +H) . 
[1370] 

Example 259: Methyl (E) -3- [ 5-Chloro-4- [ (4- 

chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

yl] acrylate 

[1371] 

[Chemical formula 157] 



Under an argon atmosphere, methyl 
(triphenylphosphoranylidene) acetate (632 mg, 1.89 mmol) was 
added to a tetrahydrof uran (15 ml) solution of [5-chloro-4- 
[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl] carbaldehyde (7 60 mg, 
1.72 mmol) . The resulting mixture was stirred at room 
temperature for 3 hours. The reaction mixture was 
concentrated under reduced pressure. The residue thus 



F 




CI 



[1372] 
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obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=4 : 1 eluate was concentrated under 
reduced pressure to give the title compound (776 mg, 1.56 
mmol, 91%) as a colorless amorphous substance. 
[1373] 

1 H-NMR(4 00MHz / CDCl 3 ) 5: 3 . 85 (3H, s) , 6.22 (1H, s) , 6. 93- 
6. 98 (lH,m) , 6. 99 (1H, d, J=15. 6Hz) , 7 . 03-7 . 10 (lH,m) , 
7 . 44 (2H, d, J=8 . 6Hz) , 7 .54-7 .58 (lH,m) , 7 . 60 (2H, d, J=8. 6Hz) , 
7.73 (lH,d, J=15.6Hz) , 8 . 17 ( 1H, s ) , 8 . 56 ( 1H, s ) . 
MS m/z : 498 (M + +H) . 
[1374] 

Example 2 60: Methyl 3- [ 5-chloro-4- [ ( 4- 

chlorophenylsulf onyl ) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 

yl ] propionate 

[1375] 

[Chemical formula 158] 



F 




CI 



[1376] 

A Raney nickel suspension ("R-100", product of Nikko 
Rika Corporation) was washed sequentially with water and 
ethanol to give a corresponding ethanol suspension. The 
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resulting ethanol suspension (2 ml) was added to a solution 
of methyl (E) -3- [ 5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl)methyl]pyridin-2-yl] acrylate (770 mg, 1.55 
mmol) in a mixture of ethanol (10 ml) and 1,4-dioxane (5 
ml) . Under a hydrogen atmosphere of 1 atmospheric 
pressure, the resulting mixture was stirred vigorously for 
30 minutes. After the reaction mixture was filtered, the 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was dissolved in dichloromethane (15 
ml) . The resulting solution was dried over magnesium 
sulfate, and concentrated under reduced pressure to give 
the title compound (720 mg, 1.44 mmol, 93%) as a white 
powder . 
[1377] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2.8 4 (2H, t , J=7 . 1Hz) , 
3.20 (2H, t, J=7 ,1Hz) , 3.70 (3H, s) , 6.22 (1H, s) , 6.92- 
6.97 (lH,m) , 7.02-7.08 (lH,m) , 7.4 3 (2H, d, J=8 . 6Hz) , 7.53- 
7. 58 (lH,m) , 7 . 61 (2H, d, J=8 . 6Hz) , 8 . 03 (1H, s) , 8 .44 (1H, s) . 
MS m/z: 500 (M + +H) . 
[1378] 

Example 261: 3- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] propionic acid 
[1379] 

[Chemical formula 159] 



4 95 




0 

CI 

[1380] 

To a solution of methyl 3- [ 5-chloro-4- [ ( 4- 
chlorophenylsul f onyl ) ( 2 , 5-di f luorophenyl ) methyl ] pyr idin-2 - 
yl]propionate (200 mg, 0.400 minol) in a mixture of methanol 

(2 ml) and tetrahydrof uran (2 ml) was added a IN aqueous 
sodium hydroxide solution (2 ml) . The resulting mixture 
was stirred at room temperature for 1 hour. The reaction 
mixture was made weakly acidic by the addition of IN 
hydrochloric acid, followed by extraction with 
dichloromethane . The organic layer was dried over 
magnesium sulfate; and concentrated under reduced pressure. 
The residue thus obtained was recrystallized from 
hexane: ethyl acetate to give the title compound (161 mg, 
0.331 mmol, 83%) as a white powder. 

[1381] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2. 90 (2H, t, J=6.7Hz) , 

3.24 (2H, t, J=6.7Hz) , 6.21 (1H, s) , 6. 92-6. 97 (lH,m) , 7 . 03- 

7.08 (lH,m) , 7 .44 (2H,d, J=8 . 6Hz) , 7 . 51-7 . 56 ( 1H, m) , 

7 . 61 (2H,d, J=8. 6Hz) , 8. 06 (1H, s) , 8 . 47 (1H, s) . 

IR(ATR)cm _1 : 1718, 1587, 1496, 1423, 1396, 1365, 1321, 

1280, 1240, 1205, 1174, 1083, 1054, 1014. 
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mp: 194 to 196°C. 
MS m/z : 486 (M + +H) . 

Elemental Analysis for C21H15CI2F2NO4S : Calculated: C, 51.86; 
H,3.11; CI, 14.58; F,7.81; N,2.88; S,6.59. Found: C, 51.87; 
H,3.07; CI, 14.37; F,7.77; N,2.95; S,6.75. 
[1382] 

Example 2 62: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 

dif luorophenyl ) methyl ] picolinic acid 

[1383] 

[Chemical formula 160] 



F 




F 0=S=0 

0 

CI 

[1384] 

To a formic acid (3 ml) solution of the [5-chloro-4- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl) methyl ] pyridin-2-yl ] carbaldehyde (150 mg, 
0.339 mmol) obtained in Example 258 was added 30% aqueous 
hydrogen peroxide (115 yl, 1,02 mmol). The resulting 
mixture was stirred at room temperature for 3 hours. Water 
was added to the reaction mixture and the solid thus 
precipitated was filtered. The solid was washed with 
water. The resulting solid was dissolved in ethyl acetate. 
The resulting solution was washed sequentially with water 
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and brine. The organic layer thus obtained was dried over 
magnesium sulfate, and concentrated under reduced pressure. 
The residue thus obtained was recrystallized from 
hexane: ethyl acetate to give the title compound (88 mg, 
0.192 mmol, 57%) as a white powder. 
[1385] 

X H-NMR (400MHz, CDC1 3 ) 6: 6.30(lH,s), 6 . 93-7 . 00 ( 1H, m) , 7.05- 

7.11(lH,m), 7.45(2H,d, J=8.8Hz) , 7 . 62-7 . 66 (lH,m) , 

7.64 (2H,d, J=8.8Hz) , 8.95(lH,s), 9.24(lH,s). 

IR (ATR) cm" 1 : 1758, 1712, 1583, 1542, 1494, 1425, 1396, 

1328, 1280, 1228, 1153, 1085, 1054, 1014. 

mp: 94 to 96°C. 
MS m/z: 458 (M + +H) . 

Elemental Analysis for Ci9HiiCl 2 F 2 N0 4 S : Calculated: C, 49.80; : 
H,2.42; CI, 15.47; F,8.29; N,3.06; S,7.00. Found: C, 50.05; 
H,2.58; CI, 15. 17; F,8.28; N,3.06; S,7.05. 
[1386] 

Example 263: 2-Bromo-5-chloro-4- [ (2, 5-dif luorophenyl) (4- 

trif luoromethylphenylthio) methyl] pyridine 

[1387] 

[Chemical formula 161] 




[1388] 
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To a dichloromethane solution of the 2-bromo-5- 
chloro-4- [ (2, 5-dif luorophenyl ) hydroxymethyl ] pyridine (1.34 
g, 4.00 mmol) obtained in Referential Example 52 were 
sequentially added methanesulf onyl chloride (0.619 ml, 8.00 
mmol) and triethylamine (2.23 ml, 16.0 mmol) under a 
nitrogen atmosphere. The resulting mixture was stirred at 
room temperature for 1 hour. The reaction mixture was 
washed sequentially with water and brine.' The organic 
layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure . 

To an N, N-dimethylf ormamide (60 ml) solution of the 
resulting residue were sequentially added 4- 
trif luorobenzenethiol (784 mg, 4.40 mmol) and potassium 
carbonate (663 mg, 4.80 mmol) under a nitrogen atmosphere. 
The resulting mixture was stirred at room temperature for 
17 hours. Ethyl acetate was added to the reaction mixture 
and the resulting mixture was washed with a saturated 
aqueous solution of sodium bicarbonate. The organic layer 
was dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=50:l eluate was concentrated under 
reduced pressure to give the title compound (1.33 g, 2.69 
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mmol, 67%) as a white solid. 
[1389] 

'H-NMR (400MHz, CDCI3) 5: 6.10(lH,s), 6 . 99-7 . 11 (2H,m) , 7.14- 
7 .20 (lH,m) , 7 .36 (2H,d, J=8 . 1Hz) , 7 . 52 (2H, d, J=8 .1Hz) , 
7.69(lH,s) , 8.36(lH,s) . 
MS m/z: 494, 496 (M + +H) . 
[1390] 

Example 264: Methyl (E) -3- [ 5-chloro-4- [ (2,5- 

dif luorophenyl) ( 4-trif luoromethylphenylthio) methyl] pyridin- 

2-yl] acrylate 

[1391] 

[Chemical formula 162] 



To a toluene (12 ml) solution of 2-bromo-5-chloro-4- 
[ (2, 5-dif luorophenyl) (4- 

trif luoromethylphenylthio) methyl] pyridine (396 mg, 0.80 
mmol) was added a hexane solution (1.59M, 0.604 ml, 0.96 
mmol) of n-butyl lithium at -78°C under an argon 
atmosphere. The resulting mixture was stirred for 30 
minutes. At the same temperature, N, N-dimethylf ormamide 
(0.081 ml, 1.04 mmol) was added and the resulting mixture 
was stirred for 30 minutes. To the reaction mixture were 




[1392] 
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added a saturated aqueous solution of ammonium chloride and 
then water. After the temperature of the resulting mixture 
was raised to room temperature, the product thus obtained 
was extracted with diethyl ether. The organic layer was 
dried over anhydrous sodium sulfate and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=9:l eluate was concentrated under 
reduced pressure to give an aldehyde compound (186 mg) . 

The aldehyde compound (133 mg) was dissolved in 
tetrahydrofuran (2 ml) . To the resulting solution was 
added methyl ( triphenylphosphoranylidene) acetate (120 mg, 
0.36 mmol) at room temperature. The resulting mixture was 
stirred at the same temperature for 18 hours. After the 
reaction mixture was concentrated under reduced pressure, 
the residue thus obtained was subjected to flash silica gel 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=19:l eluate was concentrated under 
reduced pressure to give the title compound (132 mg, 0.26 
mmol, 46%) as a white solid. 
[1393] 

1 H-NMR (400MHz , CDCI3) 5: 3 .82 (3H, s) , 6. 17 (1H, s) , 

6.92 (lH,d,J=l 5.7Hz) , 6.99-7.09 (2H,m) , 7.13-7.18 (lH,m) , 

7 .35 (2H,d, J=8.1Hz) , 7 .50 (2H,d, J=8,lHz) , 7 . 61 (1H, s) , 
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7.61(lH,d, J=15.7Hz) , 8.59 (lH,s) . 
MS m/z: 500 (M + +H) . 
[1394] 

Example 2 65: Methyl (E) -3- [5-chloro-4- [(2,5- 
dif luorophenyl) (4- 

trif luoromethylphenylsulf onyl ) methyl ] pyridin-2-yl ] acrylate 
[1395] 

[Chemical formula 163] 



To an ethyl acetate (6 ml) solution of methyl (E) -3- 
[5-chloro-4- [ ( 2 , 5-dif luorophenyl ) (4- 

tri f luoromethylphenylthio ) methyl ] pyr idin-2-yl ] acrylate (118 
mg, 0.24 mmol) were added methanol (6 ml), 31% aqueous 
hydrogen peroxide (6 ml) and hexaammonium heptamolybdate 
tetrahydrate (58 mg, 0.05 mmol). The resulting mixture was 
stirred at room temperature for 11 hours. To the reaction 
mixture was added water. After ethyl acetate and methanol 
were distilled off under reduced pressure, brine was added 
to the residue. The product thus obtained was extracted 
with ethyl acetate. The organic layer was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 



ci 




[1396] 
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obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate=9:l eluate was concentrated under 
reduced pressure to give the title compound (111 mg, 0.21 
mmol, 88%) as a white solid. 
[1397] 

X H-NMR (4 00MHz, CDC1 3 ) 5: 3.8 6 (3H,s) , 6.25 (1H, s) , 6.91- 
6. 98 (lH,m) , 7 . 01 (lH,d, J=15. 7Hz) , 7 . 04-7 . 11 ( 1H, m) , 7 . 53- 
7. 59 (lH,m) , 7 .74 (lH,d, J=15. 7Hz) , 7 .74 (2H,d, J=8 .3Hz) , 
7 . 83 (2H,d, J=8 . 3Hz) , 8 . 18 (1H, s) , 8 .56 (1H, s) . 
MS m/z: 532 (M + +H) . 
[1398] 

Example 266: Methyl 3- [ 5-chloro-4- [ (2, 5-dif luorophenyl) (4- 
trif luoromethylphenylsulfonyl) methyl] pyridin-2- 
yl ] propionate 
[1399] 

[Chemical formula 164] 




[1400] 

In a mixed solvent of ethyl acetate (3 ml) and 
methanol (3 ml) was dissolved methyl (E) -3- [ 5-chloro-4- 
[ (2, 5-dif luorophenyl) (4- 

trif luoromethylphenylsulfonyl) methyl] pyridin-2-yl] acrylate 
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(110 mg, 0.21 mraol) . To the resulting solution was added 
10% palladium-carbon catalyst (60 mg) . Under a hydrogen 
atmosphere, the resulting mixture was stirred at room 
temperature for 2 hours. After the catalyst was removed by 
Celite filtration, the filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=4 : 1 eluate was 
concentrated under reduced pressure to give the title 
compound (94 mg, 0.18 mmol, 85%) as a white solid. 
[1401] 

1 H-NMR (400MHz, CDCI3) 5: 2 . 82-2 . 89 (2H,m) , 3.21 (2H, t, J=7 . 1Hz) , 
3. 70 (3H, s) , 6.25 (1H, s) , 6. 90-6. 97 (lH,m) , 7 . 03-7 . 10 (lH,m) , 
7 . 54-7 . 60 (lH,m) , 7 .73 (2H,d, J=8 .3Hz) , 7 . 84 (2H, d, J=8 . 3Hz) , 
8.04 (lH,s) , 8.44 (lH,s) . 
MS m/z: 534 (M + +H) . 
[1402] 

Example 267: 3- [5-Chloro-4- [ (2, 5-dif luorophenyl ) (4- 

trif luoromethylphenylsulfonyl) methyl ] pyridin-2-yl] propionic 

acid 

[1403] 

[Chemical formula 165] 



ci 
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[1404] 

To a tetrahydrofuran (2 ml) solution of methyl 3- [5- 
chloro-4- [ (2, 5-dif luorophenyl) (4- 
trif luoromethylphenylsulf onyl ) methyl ] pyridin-2- 
yl] propionate (92 mg, 0.17 mmol) were added methanol (2 ml) 
and a IN aqueous solution of sodium hydroxide (2 ml) at 

0°C. The resulting mixture was stirred at room temperature 
for 2 hours. To the reaction mixture was added IN 
hydrochloric acid and the product thus obtained was 
extracted with dichlorome thane . The organic layer was 
dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was washed with ethanol and collected 
by filtration to give the title compound (61 mg, 0.12 mmol, 
68%) as a white solid. 
[1405] 

1 H-NMR ( 400MHz, CDCI3) 5 : 2.90 (2H, t , J=6 . 7Hz) , 3.18-3.31 (2H,m) , 
6.25 (1H, s) , 6. 9 0-6. 97 (lH,m) , 7 . 03-7 . 10 (lH,m) , 7 . 51- 
7.57 (lH,m) , 7.7 4 (2H, d, J=8 . 3Hz ) , 7.82 ( 2H, d, J=8 . 3Hz ) , 
8.07 (1H,S) , 8.47 (lH,s) . 

IR(ATR)cm _1 : 1707, 1495, 1408, 1321, 1244, 1174, 1159, 

1124, 1063. 

mp: 166 to 167°C. 

Elemental Analysis for C22H15CIF5NCUS : Calculated: C, 50.83; 
H,2.91; CI, 6. 82; F, 18.27; N,2.69; S,6.17. Found: C, 50.66; 
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H,2.93; CI, 6.87; F, 17.83; N,2.75; S,6.28. 
MS m/z: 520 (M + +H) . 
[1406] 

Example .2 68 : N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] -1-methyl-lH-imidazole- 
4 -sulfonamide 
[1407] 

[Chemical formula 166] 



CI 

[1408] 

To a methylene chloride (5 ml) solution of the [5- 
chloro-4-[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amine (93 mg, 0.217 
mmol) obtained in Example 196 and pyridine (21 pi, 0.260 
mmol) was added l-methyl-lH-imidazole-4-sulf onyl chloride 
(47 mg, 0.260 mmol). The resulting mixture was stirred at 
room temperature for 18 hours. After pyridine (1 ml) was 
added to the reaction mixture and the resulting mixture was 
stirred at room temperature for 7 hours, the reaction 
mixture was concentrated under reduced pressure. To the 
residue thus obtained was added ethyl acetate. The 




resulting mixture was washed sequentially with a saturated 
aqueous solution of sodium bicarbonate and brine, dried 
over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the methanol : methylene chloride 

(=1:50) eluate was concentrated under reduced pressure to 
yield a white solid. The resulting white solid was washed 
with ethanol, and collected by filtration to give the title 
compound (68 mg, 0.119 mmol, 55%) as a white powder. 

[1409] 

1 H-NMR (4 00MHz f DMSO-de) 5: 3. 69 (3H, s) , 6.25 (1H, s) , 7 .2 9- 

7.45 (2H,m) , 7.47-7.54 (lH,m) , 7.68 ( 2H, d, J=8 . 8Hz ) , 

7.75 (2H,d, J=8 . 8Hz) , 7.77 (1H, s) , 7. 94 (1H, s) , 8 . 10 (1H, s) , 

8 .26 (1H, s) , 11 .40 (lH,brs) . 

mp: 294 to 296°C 

IR(ATR) cm -1 : 1594, 1562, 1494, 1382, 1332, 1159, 1118, 993, 
817, 755, 723. 
MS m/z: 572 (M + ) . 

EI-MS: 571 .9962 (Calcd for C 22 H 16 0 4 N 4 C1 2 F 2 S 2 : 571.9958). 
Elemental Analysis for C 2 2Hi6N 4 04Cl2F 2 S2 : Calculated: C, 46.08; 
H,2.81; N,9.77; CI, 12.37; F,6.63; S, 11.18. Found: C, 46.04; 
H,2.77; N,9.74; CI, 12.46; F,6.90; S, 11.21. 
[1410] 

Example 269: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
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dif luorophenyl) methyl] pyridin-2-yl] -l-pyridin-4- 



ylme thane sulfonamide 



[1411] 



[Chemical formula 167] 




^ N 0 

ii " 



o=s=o 




CI 

[1412] 

To a methylene chloride (2 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylsulfonyl) (2,5- 

difluorophenyl)methyl]pyridin-2-yl] amine (104 mg, 0.242 
mmol) obtained in Example 196 and pyridine (74 0.533 
mmol) was added ( 4-pyridylmethyl ) sulf onyl chloride triflate 
(91 mg, 0.266 mmol). The resulting mixture was stirred at 
room temperature for 17 hours. To the reaction mixture 
were added pyridine (74 ]al, 0.533 mmol) and (4- 
pyridylmethyl) sulf onyl chloride triflate (91 mg, 0.266 
mmol) . The resulting mixture was stirred at room 
temperature for 19 hours. The reaction mixture was diluted 
with ethyl acetate. The diluted solution was washed with 
water and brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
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silica gel column chromatography. The fraction obtained 
from the methanol : methylene chloride (=1:40) eluate was 
concentrated under reduced pressure to give the title 
compound (66 mg, 0.113 mmol, 47%) as a white solid. 
[1413] 

1 H-NMR(4 00MHz,DMSO-d 6 )5: 4.88(2H,s), 6.30(lH,s), 

7.27 (2H,d, J=6.0Hz) , 7 . 2 9-7 . 4 9 ( 3H, m) , 7 . 70 (2H, d, J=8 . 8Hz) , 

7.74(1H,S), 7.79(2H,d, J=8.8Hz) , 8.45(lH,s), 

8.53 (2H,d, J=6.0Hz) , 11.00 (lH,brs) . 

mp: 257°C (decomp.) 

IR(ATR)cm _1 : 1592, 1490, 1467, 1340, 1326, 1280, 1238, 
1186, 1155, 1128, 1085, 1004, 966, 902, 869, 823. 
MS m/z : 58 4 (M + +H) . 

Elemental Analysis for C24H17N3O4CI2F2S2 : Calculated: C, 49.32 ; 
H,2.93; N,7.19; Cl,12.13; F,6.50; S,10.97. Found: C, 49.35; 
H,3.12; N,7.17; CI, 12.05; F,6.43; S, 10.93. 
[1414] 

Example 27 0: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
di f luorophenyl ) methyl ] pyridin-2-yl ] piper idine-1 -sulfonamide 
[1415] 

[Chemical formula 168] 




CI 

[1416] 



A pyridine (2 ml) solution of the [5-chloro-4- [ (4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amine (101 mg, 0.235 mmol) obtained in Example 196 and 
piperidine-l-sulfonyl chloride (48 mg, 0.259 mmol) was 
stirred at 70°C for 19 hours. To the reaction mixture was 
added piperidine-l-sulf onyl chloride (48 mg, 0.259 mmol) 
and the resulting mixture was stirred at 70°C for 4 days. 
The reaction mixture was returned to room temperature and 
then, concentrated under reduced pressure. The residue 
thus obtained was diluted with ethyl acetate. The diluted 
solution was washed with water and brine, dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
concentrated under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=4:1) eluate was concentrated under 
reduced pressure to yield a white solid. The resulting 
solid was washed with hexane-ether , and collected by 
filtration to give the title compound (63 mg, 0.109 mmol, 
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47%) as a white powder. 
[1417] 

X H-NMR (400MHz, CDCI3) 5 : 1 . 51-1 . 61 (2H, m) , 1 . 65-1 . 75 (4H, m) , 
3.38 (4H,t, J=4.6Hz) , 6.21(lH,s), 6 . 94-7 . 1 0 ( 2H, m) , 7.41- 
7.52(3H,m), 7 . 70 (2H, d, J=8 . 6Hz) , 8.24(lH,s), 8.29(lH,s), 
8.71 (lH,brs) . 
mp: 192 to 194°C 

IR(ATR)cm _1 : 1598, 1563, ' 1492, 1396, 1346, 1322, 1234, 
1145, 1083, 998, 923, 900, 833. 
MS m/z: 57 6 (M + +H) . 

Elemental Analysis for C23H21N3O4CI2F2S2 : Calculated: C, 47.92; 
H,3.67; N,7.29; CI, 12.30; F,6.59; S, 11.12. Found: C,47.87; 
H,3.66; N,7.33; CI, 12.12; F,6.66; S, 11.25. 
[1418] 

Example 271: N- [5-Chloro-4- [ (4-chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl] -4-methylpiperidine-l- 
sulf onamide 
[1419] 

[Chemical formula 169] 




[1420] 
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An acetonitrile (5 ml) solution of the [5-chloro-4- 
[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] amine (101 mg, 0.235 
mmol) obtained in Example 196, 4-methylpiperazine-l- 
sulfonyl chloride hydrochloride (12 6 mg, 0.534 mmol) and 
triethylamine (150 pi, 1.07 mmol) was heated under reflux 
for 23 hours. To the reaction mixture were added 4- 
methylpiperazine-l-sulf onyl chloride hydrochloride (126 mg, 
0.534 mmol) and triethylamine (150 pi, 1.07 mmol). The 
resulting mixture was heated under reflux for 22 hours. 
The reaction mixture was returned to room temperature and 
then, concentrated under reduced pressure. To the residue 
thus obtained was added water and the resulting mixture was 
extracted with ethyl acetate. The organic layer was washed 
with brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the methanol : methylene chloride (=1:20) eluate was 
concentrated under reduced pressure to give the title 
compound (34 mg, 0.057 mmol, 16%) as a pale yellow solid. 
[1421] 

1 H-NMR ( 400MHz , CDCI3) 5 : 2 .31 (3H, s) , 2.45-2 . 60 (4H,m) , 3 .38- 
3.52 (4H,m) , 6.20 (1H, s) , 6 . 95-7 . 10 (2H, m) , 7 . 41-7 . 50 ( 3H, m) , 
7. 69 (2H,d, J=8 . 8Hz) , 8 .24 (1H, s) , 8 .26 (1H, s) . 
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I 



mp: 215 to 218°C 

IR(ATR) cm" 1 : 1600, 1565, 1496, 1392, 1348, 1330, 1157, 
1093, 935, 835, 819. 
MS m/z: 591 (M + +H) . 

Elemental Analysis for C 2 3H22N40 4 Cl2F 2 S2 : Calculated: 
C, 46.7 0;H, 3.7 5;N, 9. 47; CI, 11 . 99;F, 6.42;S, 10.84 . Found: 
C, 46. 89 ;H, 3.7 6;N, 9. 40; CI, 11 .78;F, 6. 42 ;S, 10.72 . 
[1422] 

Example 272: 3-Chloro-N- [ 5-chloro-4- [ (4- 

chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] -N- ( 3-chloropropylsulfonyl) propane-l-sulf onamide 
[1423] 

[Chemical formula 170] 




CI 

[1424] 



To a methylene chloride (5 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylsulf onyl) (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amine (130 mg, 0.303 
mmol) obtained in Example 196 and triethylamine (42 
0.303 mmol) was added 3-chloropropanesulf onyl chloride (37 
111, 0.303 mmol) at 0°C. The reaction mixture was stirred 
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at room temperature for 2.5 hours'. At 0°C, triethylamine 
(42 pi, 0.303 mmol) and 3-chloropropanesulf onyl chloride 
(37 0.303 mmol) were added sequentially. The resulting 

mixture was stirred at room temperature for 7 hours. To 
the reaction mixture was added ethyl acetate. The 
resulting mixture was washed with a saturated aqueous 
solution of sodium bicarbonate, dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate (=5:1) eluate was 
concentrated under reduced pressure. To the residue thus 
obtained was added ether and the solid thus precipitated 
was collected by filtration to give the title compound as a 
white powder. 
[1425] 

1 H-NMR (400MHz, CDCI3) 5 : 2 . 47-2 .57 (4H,m) , 3. 74 (4H, t, J=6. 1Hz) , 
3.9 6-4 . 05 (4H,m) , 6.20 (1H, s) , 6. 98-7 . 15 (2H,m) , 7.40- 
7.53 (3H,m) , 7 . 62 (2H, d, J=8 .3Hz) , 8 .22 (1H, s) , 8 . 64 (1H, s) . 
MS m/z: 709, 711 (M + +H) . 
[1426] 

Example 273: 3-Chloro-N- [5-chloro-4- [ (4- 

chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl] pyridin-2- 

yl] propane-l-sulf onamide 

[1427] 
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[Chemical formula 171] 




CI 

[1428] 



To a tetrahydrof uran (5 ml) solution of 3-chloro-N- 
[5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -N- (3- 

chloropropylsulf onyl) propane-l-sulf onamide (193 mg, 0.272 
mmol) was added to a tetrahydrof uran solution (1.0M, 0.28 
ml, 0.28 mmol) of tetrabutylammonium fluoride. The 
resulting mixture was stirred at room temperature for 1 
hour. To the reaction mixture was added a saturated 
aqueous solution of ammonium chloride, followed by 
extraction with ethyl acetate. The organic layer was 
washed with brine, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate (=4:1) eluate was 
concentrated under reduced pressure to give the title 
compound (108 mg, 0.190 mmol, 70%) as a white solid. 
[1429] 
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1 H-NMR (400MHz, CDCI3) 6 : 2 . 35-2 . 44 (2H,m) , 3 . 61-3 . 67 (2H, m) , 
3.70 (2H, t, J=6.1Hz) , 6.19(lH,s), 6 . 90-6 . 99 ( 1H, m) , 7.02- 
7.10(lH,m), 7 . 42-7 . 53 (3H,m) , 7 . 64 (2H, d, J=8 . 3Hz) , 
7 .84 (lH,brs) , 8.01(lH,s), 8.31(lH,s). 

IR(ATR) cm" 1 : 1596, 1560, 1488, 1384, 1336, 1234, 1145, 
1083, 997, 925, 844. 
MS m/z: 568, 570 (M + ) . 
[1430] 

Example 274: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] -2- (1, l-dioxo-lA 6 -isothiazolidin-2- 
yl) pyridine 
[1431] 

[Chemical formula 172] 



An acetonitrile (5 ml) solution of 3-chloro-N- [ 5- 
chloro-4- [ (4-chlorophenylsulf onyl) (2, 5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] propane-l-sulf onamide 
(83 mg, 0.146 mmol) and 1 , 8-diazabicyclo [ 5 . 4 . 0 ] -7-undecene 
(26 pi, 0.175 mmol) was stirred at 70°C for 4.5 hours. The 
reaction mixture was returned to room temperature and then, 




CI 



[1432] 



concentrated under reduced pressure. The residue thus 
obtained was diluted with ethyl acetate. The diluted 
solution was washed sequentially with IN hydrochloric acid, 
a saturated aqueous solution of sodium bicarbonate and 
brine, dried over anhydrous sodium sulfate, and filtered. 
The filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate (=1:1) eluate was concentrated under 
reduced pressure to give the title compound (75 mg, 0.141 
mmol, 96%) as a white solid. 
[1433] 

1 H-NMR(400MHz,CDCl 3 ) 5: 2 . 52-2 . 62 (2H, m) , 3 . 47 (2H, t, 3=1 . 6Hz) , 

4.02(2H,t, J=6.6Hz) , 6.24(lH,s), 6 . 95-7 . 1 0 ( 2H, m) , 

7.44 (2H,d, J=8.6Hz) , 7 . 4 9-7 . 56 ( 1H, m) , 7 . 74 (2H, d, J=8 . 6Hz) , 

8.13(lH,s) , 8.24 (lH,s) . 

mp: 219 to 221°C 

IR (ATR) cm -1 : 1587, 1496, 1467, 1386, 1346, 1315, 1278, 
1238, 1137, 1089, 998, 831. 
MS m/z: 532 (M + ) . 

Elemental Analysis for C21H16N2O4CI2F2S2 : Calculated: C, 47.29; 
H,3.02; N,5.25; CI, 13 .29;. -F, 7 . 12; S, 12.02. Found: C, 47.39; 
H,3.02; N,5.37; Cl, 13.32; F,7.24; S, 11.95. 
[1434] 

Example 27 5: N- [ 5-Chloro-4- [ (4-chlorophenylsulf onyl) (2,5- 
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dif luorophenyl ) methyl ] pyridin-2-yl ] -N- 
(trif luoromethylsulfonyl) trif luorome thane sulf onamide 
[1435]. 

[Chemical formula 173] 



CI 

[1436] 

To a methylene chloride (5 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylsulf onyl) (2, 5- 

dif luorophenyl ) methyl] pyridin-2-yl] amine (103 mg, 0.240 
mmol) obtained in Example 196 and pyridine (19 \il f 0.240 
mmol) was added trif luoromethanesulf onic anhydride (39 
0.240 mmol) at 0°C . After the resulting mixture was 
stirred at room temperature for 3 hours, pyridine (19 jil, 
0.240 mmol) and trif luoromethanesulf onic anhydride (39 pi, 
0.240 mmol) were added at 0°C . The resulting mixture was 
stirred at room temperature for 15 hours, followed by 
concentration under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
hexane: ethyl acetate (=5:1) eluate was concentrated under 
reduced pressure to give the title compound (84 mg, 0.120 
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mmol, 50%) as a white solid. 
[1437] 

^-NMR (4 00MHz, CDCI3) 6: 6.23 (lH,s) , 6.99-7. 15 (2H,m) , 7 .38- 
7 .48 (3H,m) , 7 . 62 (2H, d, J=8 .8Hz) , 8 .36 (1H, s) , 8 . 53 (1H, s) . 
IR(ATR) cm" 1 : 1581, 1498, 1442, 1332, 1214, 1159, 1122, 
1085, 997, 944, 923, 865, 755. 
MS m/z: 693 (M + +H) . 
[1438] 

Example 27 6: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2- 
yl] trif luoromethanesulf onamide 
[1439] 

[Chemical formula 174] 




CI 



[1440] 

To a solution of N- [ 5-chloro-4- [ ( 4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] -N- (trif luoromethylsulf onyl ) trif luoromethanesulf onamide 
(77 mg, 0.111 mmol) in a mixture of tetrahydrof uran (5 ml) 
and water (1 ml) was added lithium hydroxide monohydrate 
(5.0 mg, 0.111 mmol). The resulting mixture was stirred at 



room temperature for 5 hours- To the reaction mixture was 
added a saturated aqueous solution of ammonium chloride, 
followed by extraction with ethyl acetate. The organic 
layer was washed with brine, dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate (=2:1) eluate containing 
0.5% trif luoroacetic acid was concentrated under reduced 
pressure. To the residue thus obtained was added ether, 
and the solid thus precipitated was collected by filtration 
to give the title compound (39 mg, 0.069 mmol, 63%) as a 
white powder. 
11441] 

X H~NMR( 4 00MHz, CDC1 3 ) 5: 6.21 (1H, s) , 6. 95-7 . 03 (lHm) , 7. 06- 
7.15 (lH,m) , 7.42-7.52 (3H,m) , 7.71 (2H, d, J=8 . 8Hz ) , 
8.23(lH,s) , 8.71(lH,s) . 
mp: 221 to 223°C 

IR(ATR)cm _1 : 1637, 1496, 1382, 1336, 1195, 1157, 1130, 
1085, 1010, 923, 779, 754. 
MS m/z: 560 (M + ) . 

Elemental Analysis for Ci9HiiN 2 0 4 Cl 2 F5S2 : Calculated: C, 40. 65; 
H,1.98; N,4.99; Cl, 12.63; F, 16.-92; S, 11.42. Found: 
C 40.68; H,1.94; N,5.06; Cl, 12.46; F,16.91; S, 11.47. 
[1442] 
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Example 277: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
di f luorophenyl ) methyl ] pyridin-2-yl ] ethylenesulf onamide 
[1443] 

[Chemical formula 175] 



To a methylene chloride (10 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl ) methyl ] pyridin-2-yl ] amine (982 mg, 2.29 
mmol) obtained in Example 196 and 2-chloroethanesulf onyl 
chloride (0.29 ml, 2.74 mmol) was added pyridine (0.44 ml, 
5.49 mmol) . The resulting mixture was stirred at room 
temperature for 3.5 hours. To the reaction mixture were 
added 2-chloroethanesulf onyl chloride (143 pi, 1.37 mmol) 
and pyridine (222 pi, 2.75 mmol). The resulting mixture 
was stirred at room temperature for 1 hour. Ethyl acetate 
was added to the reaction mixture. The resulting mixture 
was washed with a saturated aqueous solution of sodium 
bicarbonate, dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 




CI 



[1444] 
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silica gel column chromatography. The fraction obtained 



from the hexane: ethyl acetate (=3:1) eluate was 
concentrated under reduced pressure to give the title 
compound (573 mg, 1.10 mmol, 48%) as a white solid. 
[1445] 

X H-NMR ( 400MHz, CDC1 3 ) 5: 6 . 17-6 . 25 (2H, m) , 6 . 65-6 . 70 (2H,m) , 
6.91-7.10(2H,m) , 7 . 41-7 . 49 ( 3H, m) , 7 . 66 (2H, d, J=8 . 6Hz) , 
8 . 16 (1H, s) , 8 . 33 (1H, s) . 

TR (ATR) cm -1 : 1600, 1565, 1492, 1388, 1349, 1322, 1147, 

1081, 998, 916, 821, 757. 
MS m/z: 519 (M + +H) . 

[1446] 

Example 278: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -2-piperidin-l- 
ylethanesulf onamide 
[1447] 

[Chemical formula 176] 



CI 

[1448] 

To an ethanol (5 ml) solution of N- [5-chloro-4- [ (4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl) methyl] pyridin-2- 
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yl] ethylenesulfonamide (34 mg, 0.065 mmol) was added 
piperidine (10 0.098 minol) . The resulting mixture was 

stirred at room temperature for 3 days. The reaction 
mixture was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
methanol :methylene chloride (=1:30) eluate was concentrated 
under reduced pressure to give the title compound (35 mg, 
0.058 mmol, 8 9%) as an amorphous substance. The resulting 
amorphous substance was solidified by adding ethanol 
thereto and collected by filtration to give the title 
compound as a white powder. 
[1449] 

^H-NMR ( 4 00MHz, CDC1 3 ) 5: 1 . 4 5-1 . 7 6 ( 6H, m) , 2.50-2. 65 (4H,m) , 
2.97 (2H, t, J=5. 9Hz) , 3.30-3.38 (2H,m) , 6.21 (lH,s) , 6.92- 
7.10 (2H,m) , 7.4 4 ( 2H, d, J=8 . 6Hz ) , 7 . 52-7 . 59 ( 1H, m) , 
7 . 69 (2H,d, J=8 . 6Hz) , 8 . 06 (1H, s) , 8 .22 (1H, s) . 
mp: 200 to 203°C 

IR(ATR)cm _1 : 1600, 1571, 1492, 1390, 1332, 1141, 1083, 
1002, 962, 919, 811, 754. 
MS m/z: 604 (M + +H) . 

Elemental Analysis for C25H25N3O4CI2F2S2 : Calculated: C, 49.67 ; 
H,4.17; N,6.95; CI, 11.73; F,6.29; S, 10.61. Found: C, 49.90; 
H,4.13; N,6.88; CI, 11.64; F,6.17; S, 10.52. 
[1450] 




Example 279: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -2- 
( dimethylamino ) ethanesul f onamide 
,[1451] 



To a tetrahydrof uran (3 ml) solution of the N-[5- 
chloro-4-[ (4-chlorophenylsulfonyl ) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl ] ethylenesulf onamide ( 64 
mg, 0.123 mmol) obtained in Example 277 was added a 
dimethylamine tetrahydrof uran solution (2M, 0.18 ml, 0.36 
mmol) . The resulting mixture was stirred at room 
temperature for 3 days, followed by concentration under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the methanol rmethylene chloride (=1:20) 
eluate was concentrated under reduced pressure to give the 
title compound (67 mg, 0.117 mmol, 97%) as a white solid. 
The resulting solid was washed with ethanol and collected 
by filtration to give the title compound (43 mg) as a white 



[Chemical formula 177] 




CI 



[1452] 
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powder . 
[1453] 

1 H-NMR (400MHz, CD 3 OD) 5: 2.73(6H,s), 3 . 37 ( 2H, t, J=7 . 0Hz ) , 
3.82 (2H, t, J=7.0Hz) , 6.31(lH,s), 7 . 1 6-7 . 2 6 ( 2H, m) , 7.53- 
7.65(3H,m), 7 . 75 (2H, d, J=8 . 8Hz) , 7.84(lH,s), 8.24(lH,s). 
IR(ATR)cm _1 : 1587, 1494, 1455, 1321, 1151, 1087, 998, 757. 
MS m/z : 564 (M + +H) . 

FAB-MS: 564.0399 (Calcd for C 2 2H2204N3C1 2 F 2 S2 : 564.0397). 
[1454] 

Example 280: N- [ 5-Chloro-4- [ (4-chlorophenylsulfonyl) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] -2-morpholin-4- 
ylethanesulf onamide 
[1455] 

;[Chemical formula 17 8] 



CI 

[1456] 

To an ethanol (3 ml) solution of the N- [ 5-chloro-4- 
[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl] ethylenesulf onamide ( 53 
mg, 0.102 mmol) obtained in Example 277 was added 
morpholine (18 ul, 0.204 mmol). The resulting mixture was 
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stirred at room temperature for 3 days, followed by 
concentration under reduced pressure. The residue thus 
obtained was subjected to flash silica gel column 
chromatography. The fraction obtained from the 
methanol : methylene chloride (=1:40) eluate was concentrated 
under reduced pressure. Ether was added to the residue 
thus obtained. The solid thus precipitated was collected 
by filtration to give the title compound (45 mg, 0.074 
mmol, 73%) as a white powder. 
[1457] 

1 H-NMR (400MHz, CDCI3) 5: 2 . 51-2 . 60 ( 4H, m) , 2 . 9 6 ( 2H, t , J=6 . 1Hz ) , 
3.36-3 . 45 (2H,m) , 3 . 70-3 . 80 (4H,m) , 6.22(lH,s), 6.90- 
7.10(2H,m), 7.45(2H,d, J=8.8Hz) , 7 . 50-7 . 59 ( 1H, m) , 
7. 68 (2H, d, J=8 . 8Hz) , 8.19(lH,s), 8.24(lH,s). 
mp: 219 to 221°C 

IR(ATR)cm _1 : 1602, 1565, 1492, 1388, 1321, 1286, 1238, 
1147, 1116, 1083, 998. 
MS m/z: 606 (M + +H) . 

FAB-MS: 606.0499 (Calcd for C24H24O5N3CI2F2S2 : 606.0503). 
Elemental Analysis for C24H23N3O5CI2F2S2 : Calculated: C, 47.53; : 
H,3.82; N,6.93; Cl, 11.69; F,6.27; S, 10.57. Found: C, 47.73; 
H,3.84; N,6.97; Cl, 11.72; F,6.25; S, 10.72. 
[1458] 

Example 281: t-Butyl 4- [2- [ [ [5-chloro-4- [ (4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
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yl] amino] sulfonyl] ethyl ] piperazine-l-carboxylate 



[1459] 

[Chemical formula 



179] 




CI 

[1460] 



To an ethanol (3 ml) solution of the N- [5-chloro-4- 
[ (4-chlorophenylsulfonyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl ] ethylenesulf onamide (59 
mg, 0.114 mmol) obtained in Example 277 was added l-(t- 
butoxycarbonyl) piperazine (32 mg, 0.170 mmol). The 
resulting mixture was stirred at room temperature for 3 
days, followed by concentration under reduced pressure. 
The residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
methanol rmethylene chloride (=1:40) eluate was concentrated 
under reduced pressure to give the title compound (75 mg, 
0.106 mmol, 93%) as an amorphous substance. 
[1461] 

1 H-NMR (4 00MHz, CDCI3) 5 : 1 .46 (9H, s) , 2.50 (4H, t, J=5. 0Hz) , 
2.97 (2H,t, J=6.0Hz) , 3 . 35-3 . 42 (2H, m) , 3 . 44-3 . 54 (4H, m) , 
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6.22 (1H, s) , 6.90-7 . 10 (2H,m) , 7.45 (2H,d, J=8 . 8Hz) , 7 . 50- 
7.58 (lH,m) , 7.68 ( 2H, d, J=8 . 8Hz ) , 8.19(lH,s) , 8.24 (lH,s) . 
IR (ATR) cm' 1 : 1691, 1592, 1494, 1330, 1240, 1147, 1083, 
998, 755. 

MS m/z: 705 (M + +H) . 
[1462] 

Example 282: N- [ 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -2-piperazin-l- 
ylethanesulf onamide 
[1463] 

[Chemical formula 180] 



CI 

[1464] 

To an ethanol (5 ml) solution of t-butyl 4-[2-[[[5- 
chloro-4- [( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl ] pyridin-2- 

yl] amino] sulfonyl] ethyl ] piperazine-l-carboxylate (72 mg, 
0.102 mmol) was added concentrated hydrochloric acid (1 
ml) . The resulting mixture was stirred at room temperature 
for 2 days, followed by concentration under reduced 
pressure. To the residue thus obtained was added a 
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saturated aqueous solution of sodium bicarbonate. The 
resulting mixture was extracted with methylene chloride. 
The organic layer was dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was washed with ether 
to give the title compound (23 mg, 0.038 mmol, 37%) as a 
white powder. 
[1465] 

^-NMR (4 00MHz, DMSO-d 6 ) 5 : 2 .4 0-2 .47 (4H,m) , 2 . 62-2 .70 (2H,m) , 

2 . 8 3-2 .90 (4H,m) , 6.15 (1H, s) , 7 .25-7 . 42 (3H,m) , 7 . 47- 

7.55(lH,m), 7 . 68 (2H, d, J=8 .7 Hz), 7 . 77 (2H, d, J=8 . 7Hz ) , 

8 . 03 (1H, s) . 

MS m/z: 605 (M + +H) . 

11466] 

Example 283: Ethyl [ [ [5-Chloro-4- [ (4- 

chlorophenylsulf onyl) (2, 5-dif luorophenyl ) methyl] pyridin-2- 

yl] amino] sulfonyl] acetate 

[1467] 

[Chemical formula 181] 




CI 

[1468] 



To a methylene chloride (10 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylsulfonyl) (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amine (331 mg, 0 . 771 
mmol) obtained in Example 196 and pyridine (94 1.16 
mmol) was added a methylene chloride (2 ml) solution of 

ethyl chlorosulf onylacetate (216 mg, 1.16 mmol) at 0°C. 
After the resulting mixture was stirred at room temperature 
for 12 hours, pyridine (94 pi, 1.16 mmol) and a methylene 
chloride (2 ml) solution of ethyl chlorosulf onylacetate 

(216 mg, 1.16 mmol) were added sequentially at 0°C . The 
resulting mixture was stirred at room temperature for 9 
hours and then, the reaction mixture was concentrated under 
reduced pressure. To the residue thus obtained was added 
ethyl acetate. The resulting mixture was washed 
sequentially with a saturated aqueous solution of sodium 
bicarbonate and brine, dried over anhydrous sodium sulfate, 
and filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate (=3:1) eluate was 
concentrated under reduced pressure to give the title 
compound (239 mg, 0.412 mmol, 53%) as a white solid. 

[1469] 

^-NMR (4 00MHz, CDC1 3 ) 5: 1 .29 (3H, t, J=7 .2Hz) , 

4.25 (2H, q, J=7.2Hz) , 4 . 37 (2H, s) , 6.21 (1H, s) , 6. 91- 
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7.10{2H,m) , 7.45 (2H,d, J=8.6Hz) , 7 . 50-7 . 58 ( 1H, m) , 
7. 66 (2H, d, J=8 . 6Hz) , 8 . 09 (1H, s) , 8 .30 (1H, s) . 
IR (ATR) cm" 1 : 1745, 1600, 1567, 1496, 1386, 1355, 1317, 
1280, 1232, 1147, 1081. 
MS m/z: 579 (M + +H) . 
[1470] 

Example 284: N- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl] pyridin-2-yl ] -2- 
hydroxy ethane sulfonamide 
[1471] . 

[Chemical formula 182] 



To a tetrahydrof uran (5 ml) solution of ethyl [ [ [5- 
chloro-4- [ (4-chlorophenylsulf onyl) (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] amino] sulf onyl ] acetate 
(67 mg, 0.116 mmol) was added an ether solution (0.18 ml) 
of 1M lithium aluminum hydride at 0°C. The . resulting 
mixture was stirred at 0°C. After the termination of the 
reaction was confirmed by TLC, a saturated aqueous solution 
of ammonium chloride was added to the reaction mixture. 




[1472] 



531 



The resulting mixture was filtered through Celite. The 
filtrate was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane : ethyl acetate (=2:1) eluate was 
concentrated under reduced pressure to give the title 
compound (39 mg, 0.073 mmol, 63%) as a white solid. 
[1473] 

1 H-NMR (400MHz, DMSO-d 6 ) 5: 3.63 (2H, t, J=6 . 3Hz) , 3.75- 
3.85(2H,m), 4 . 94 ( 1H, brs ) , 6.28(lH,s), 7 . 2 8-7 . 55 ( 3H, m) , 
7 . 70 (2H, d, J=8 .7Hz) , 7 . 80 (2H, d, J=8 . 7Hz) , 7.81(lH,s), 
8.37(1H,S), 10.91 (lH,brs) . 
mp: 155 to 158 °C 

IR(ATR) cm' 1 : 3093, 2867, 1600, 1565, 1492, 1392, 1322, 
1139, 1083, 813, 754. 
MS m/z: 536 (M + ) . 

EI-MS: 535.9835 (Calcd for C20H16O5N2CI2F2S2 : 535.9846). 
Elemental Analysis for C20H16N2O5CI2F2S2-O . 5H 2 0 : Calculated: 
C43.96; H,3.14; N,5.13; CI, 12.98; F,6.95; S, 11.74. Found: 
C, 44.22; H,3.07; N,5.13; Cl, 12.89; F,7.10; S,11.65. 
[1474] 

Example 285: 2- [ [ [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] amino] sulfonyl] acetamide 
[1475] 
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[Chemical formula 183] 




CI 

[1476] 



To a methanol solution (5 ml) of 7N ammonia was added 
the ethyl [ [ [ 5-chloro- [ ( 4-chlorophenylsulf bnyl ) (2,5- 
dif luorophenyl) methyl] pyridin-2-yl] amino] sulf onyl] acetate 

(78 rag, 0.135 mmol) obtained in Example 283. The resulting 
mixture was stirred at room temperature for 3 days, 
followed by concentration under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
methanol rmethylene chloride (=1:25) eluate was concentrated 
under reduced pressure to give the title compound (66 mg, 
0.120 mmol, 89%) as a white solid. 

[1477] 

1 H-NMR (400MHz, DMSO-de) 5: 4 . 33 (2H, s) , 6.29 (1H, s) , 7.29- 
7.56 (4H,m) , 7 . 64-7 .72 (3H,m) , 7 .76-7. 84 (3H,m) , 8 .35 (1H, s) , 
11.16(lH,brs) . 

IR (ATR) cm" 1 : 1691, 1596, 1565, 1492, 1382, 1322, 1238, 
1149, 1083, 995, 966, 811. 
MS m/z: 550 (M + +H) . 
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Elemental Analysis for C 2 oHi5N305Cl2F 2 S2- 0 . 5H 2 0: Calculated: 
C, 42.94; H,2.88; N,7.51; Cl, 12.68; F,6.79; S, 11.46. Found: 
C 42.64; H,2.73; N,7.46; CI, 12.57; F,6.97; 3,11.48. 
[1478] 

Example 2 86: [ [ [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] amino] sulfonyl] acetic 
acid 
[1479] 

[Chemical formula 184] 



CI 

[1480] 

To a solution of the ethyl [ [ [5-chloro-4- [ ( 4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] amino] sulfonyl] acetate (60 mg, 0.104 mmol) obtained in 
Example 283 in a mixture of tetrahydrof uran (5 ml) and 
water (1 ml) was added lithium hydroxide monohydrate (9.1 
mg, 0.218 mmol). The resulting mixture was stirred at room 
temperature for 2 hours. To the reaction mixture was added 
IN hydrochloric acid. The resulting mixture was extracted 
with methylene chloride. The extract was dried over 
anhydrous sodium sulfate, and filtered. The filtrate was 
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concentrated under reduced pressure. The residue thus 
obtained was subjected to silica gel column chromatography. 
The fraction obtained from the methanol :methylene chloride 

(=1:30) eluate containing 0.5% trif luoroacetic acid was 
concentrated under reduced pressure to give the title 
compound (54 mg, 0.098 mmo 1, 94%) as a white solid. 

[1481] 

X H-NMR (400MHz, DMSO-d 6 ) 5: 4 . 45-4 . 60 (2H, m) , 6.29(lH,s) , 7.29- 
7.55 (3H,m) , 7 . 69 ( 2H, d, J=8 . 9Hz ) , 7.8 0 ( 2H, d, J=8 . 9Hz ) , 
7.81 (1H, s) , 8 .38 (1H, s) - 
MS m/z: 551 (M + +H) . 
[1482] 

Example 287: ( Z ) -5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
■ dif luorophenyl) methyl] -2- (3- [1, 3] dioxolan-2- 
ylpropenyl) pyridine (Isomer 287-A) and (E) -5-chloro-4- [ (4- 
chlorophenylsulf onyl) (2, 5-dif luorophenyl) methyl] -2- ( 3- 
[1,3] dioxolan-2-ylpropenyl) pyridine (Isomer 287-B) 
[1483] 

[Chemical formula 18 5] 
F F 




CI 



CI 



Isomer 287-A 



Isomer 287-B 



[1484] 
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Under an argon atmosphere, n-butyl lithium (a 1.59M 
hexane solution, 1.3 ml, 1.99 mmol) was added to a 
tetrahydrofuran (30 ml) solution of 2- ( 1 , 3-dioxolan-2- 
yl) ethyl triphenylphosphonium bromide (738 mg, 1.99 mmol) at 

-78°C. The resulting mixture was stirred for 1 hour. To 
the reaction mixture was added the [ 5-chloro-4- [ ( 4- 
chlorophenylsulf onyl ) ( 2 , 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] carbaldehyde (400 mg, 0.904 mmol) obtained in Example 
258. The temperature of the resulting mixture was raised 
to room temperature, followed by stirring for 4 hours. To 
the reaction mixture was added a saturated aqueous solution 
of ammonium chloride. The resulting mixture was then 
extracted with dichloromethane . The organic layer was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=4 : 1 eluate was 
concentrated under reduced pressure to give Isomer 287-A 
(low polar) (140 mg, 0.266 mmol, 29%) as a colorless 
amorphous substance and Isomer 287-B (high polar) (170 mg, 
0.323 mmol, 36%) as a colorless amorphous substance. 

[1485] 
Isomer 287-A 

^-NMR (4 00MHz, CDC1 3 ) 5: 3. 03-3 . 17 (2H,m) , 3.8 8-4 . 10 (4H,m) , 
5.11 (1H, t, J=4.3Hz) , 6. 10 (1H, dt, J=12 .0, 7 . 6Hz) , 6.25 (1H, s) , 



6.65(111,01, J=12.0Hz) , 6.93-6.99 (lH,m) , 7 . 03-7 . 09 ( 1H, m) , 
7.44 (2H,d, J=8.6Hz) , 7 . 61 ( 2H, d, J=8 . 6Hz ) , 7 . 67-7 . 71 (1H, m) , 
8 .10 (1H, s) , 8 .49 (1H, s) . 
MS m/z: 526 (M + +H) . 
Isomer 287-B 

^H-NMR (400MHz, CDC1 3 ) 5: 2 . 67-2 . 71 (2H, m) , 3 . 88-4 . 08 (4H,m) , 
5. 07 (1H, t, J=4 . 6Hz) , 6.20(lH,s), 6 . 68 ( 1H, d, J=15 . 9Hz) , 6.85- 
7.00(2H,m), 7 . 02-7 .08 (lH,m) , 7 . 44 (2H, d, J=8 . 1Hz ) , 7.55- 
7.62 (lH,m) , 7 . 61 (2H,d, J=8 . 1Hz) , 7.96(lH,s), 8.43(lH,s). 
MS m/z: 526 (M + +H) . 
[1486] 

Example 288: 4- [5-Chloro-4- [ (4-chlorophenylsulfonyl) (2, 5- 

dif luorophenyl) methyl] pyridin-2-yl ] butylaldehyde 

[1487] 

[Chemical formula 18 6] 



F 




CHO 



F0=S=0 
CI 

[1488] 

After a water suspension of Raney nickel ("R-100", 
product of Nikko Rica Corporation) was washed sequentially 
with water and ethanol, ethanol was added thereto to give 
corresponding ethanol suspension. The resulting ethanol 
suspension (1 ml) was added to a solution of (Z) and (E)-5 
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chloro-4- [ (4-chlorophenylsulfonyl) (2, 5- 
dif luorophenyl) methyl] -2- (3- [1, 3 ] dioxolan-2- 
ylpropenyl) pyridine (80 mg, 0.152 mmol) in a mixture of 
ethanol (5 ml) and 1,4-dioxane (3 ml). Under a hydrogen 
atmosphere of 1 atmospheric pressure, the resulting mixture 
was stirred vigorously for 30 minutes. After the reaction 
mixture was filtered, the filtrate was concentrated under 
reduced pressure. 

To a 1,4 dioxane (4 ml) solution of the residue thus 
obtained was added concentrated hydrochloric acid (1 ml) 
and the resulting mixture was stirred at room temperature 
for 1 hour. The solvent was then concentrated under 
reduced pressure. To the residue thus obtained was added a 
saturated aqueous solution of sodium bicarbonate, followed 
by extraction with ethyl acetate. The organic layer was 
washed with brine. The organic layer thus obtained was 
dried over magnesium sulfate, and concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=4 : 1 eluate was 
concentrated under reduced pressure to give the title 
compound (44 mg, 0.0908 mmol, 59%) as a colorless amorphous 
substance . 
[1489] 

1 H-NMR (4 00MHz, CDCI3) 5 : 2.09-2.17 (2H,m) , 
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2.56(2H,td, J=7.3,1.5Hz) , 2 . 92 (2H, t, J=7 . 7Hz) , 6.21 (1H, s) , 
6.92-6.97 (lH,m) , 7 . 03-7 . 08 ( 1H, m) , 7 . 45 ( 2H, d, J=8 . 6Hz) , 7.51- 
7.55(lH,m), 7.61 (2H,d, J=8.6Hz) , 7.95\(lH,s), 8.47(lH,s), 
9.81(lH,t, J=1.5Hz) . 
MS m/z: 484 (M + +H) . 
[1490] 

Example 28 9: 4- [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] butyric acid 
[1491] 

[Chemical formula 187] 



F 




C00H 



F 0=S=0 

0 

CI 

[1492] 

To a formic acid (1 ml) solution of 4- [ 5-chloro-4- 
[ (4-chlorophenylsulf onyl) (2,5- 

dif luorophenyl) methyl] pyridin-2-yl] butyl aldehyde (40 mg, 
0.0828 mmol) was added 30% aqueous hydrogen peroxide (84 
111, 0.745 mmol). The resulting mixture was stirred at room 
temperature for 9 hours. Water was added to the reaction 
mixture, followed by extraction with ethyl acetate. The 
organic layer was washed sequentially with water and 
brine. The organic layer was dried over magnesium sulfate, 
and concentrated under reduced pressure. The residue thus 



obtained was recrystallized from hexane: ethyl acetate to 
give the title compound (13 mg, 0.0260 mmol, 32%) as a 
white powder. 
[1493] 

1 H-NMR ( 4 00MHz , CDCI3) 5 : 2 . 1 6-2 . 1 8 ( 2H, m) , 2.4 6 (2H, t, J=7.2Hz) , 
2. 99 (2H, t, J=7 . 5Hz) , 6.22 (1H, s) , 6. 92-6.98 (1H, m) , 7 . 03- 
7 .08 (lH,m) , 7.45 (2H,d, J=8 . 6Hz) , 7 . 51-7 .56 (lH,m) , 
7 .61 (2H,d, J=8. 6Hz) , 8 . 00 (1H, s) , 8 .49 (1H, s) . 
mp: 147 to 148°C. 
MS m/z: 500 (M + +H) . 
[1494] 

Example 290 : 2-Bromomethyl-5-chloro-4- [ (4- 
chlorophenylthio) (2, 5-dif luorophenyl ) methyl ] pyridine 
,[1495] 

.[Chemical formula 188] 




[1496] 



To a dichloromethane (15 ml) solution of the [5- 
chloro-4- [ (4-chlorophenylthio) (2, 5- 

dif luorophenyl) methyl ] pyridin-2-yl ] methanol (582 mg, 1.41 
mmol) obtained in Example 256 were sequentially added 
carbon tetrabromide (936 mg, 2.82 mmol) and 
triphenylphosphine (407 mg, 1.55 mmol) at 0°C The 
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resulting mixture was stirred at room temperature for 15 
hours. The reaction mixture was concentrated under reduced 
pressure. The residue thus obtained was subjected to flash 
silica gel column chromatography. The fraction obtained 
from the hexane: ethyl acetate=20:l eluate was concentrated 
under reduced pressure to give the title compound (518 mg, 
1.09 mmol, 77%) as a colorless oil. 
[1497] 

1 H-NMR (400MHz, CDCI3) 5 : 4.51 ( 1H, d, J=l 0 . 5Hz ) , 
4 .54 (lH,d, J=l 0.5Hz) , 6. 03 (1H, s) , 6. 94-7. 0 6 (2H,m) , 7.10- 
7 . 16 (lH,m) , 7 .23 (2H, d, J=8 .5Hz) , 7 .28 (2H, d, J=8 . 5Hz) , 
7.73 (lH,s) , 8.49(lH,s) . 
MS m/z: 474 , 47 6 (M + +H) . 
[1498] 

Example 291: [5-Chloro-4- [ ( 4-chlorophenylthio ) (2,5- 
dif luorophenyl ) methyl ] pyridin-2-yl ] acetonitrile 
[1499] 

[Chemical formula 189] 



Under an argon atmosphere, trimethylsilylnitrile 
(0.226 ml, 1.63 mmol) and a tetrahydrof uran solution (1M, 



CI 




[1500] 



1.63 ml, 1.63 mmol) of tetrabutylammonium fluoride were 
added sequentially to an acetonitrile (10 ml) solution of 
2-bromomethyl-5-chloro-4- [ (4-chlorophenylthio) (2,5- 
dif luorophenyl)methyl] pyridine (516 mg, 1.09 mmol) at room 
temperature. The resulting mixture was stirred for 30 
minutes. The reaction mixture was concentrated under 
reduced pressure. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane : ethyl acetate=9:l eluate was 
concentrated under reduced pressure to give the title 
compound (390 mg, 0.93 mmol, 85%) as a brown oil. 
[1501] 

1 H-NMR (400MHz, CDCI3) 5 : 3.90 (lH,d, J=l 9.0Hz) , 
3. 95 (lH,d, J=l 9.0Hz) , 6. 04 (1H, s) , 6.9 6-7 . 07 (2H,m) , 7. 12- 
7.18(lH,m), 7.24(2H,d,J = 8.8Hz), 7 . 29 (2H, d, J=8 . 8Hz) , 
7. 67 (lH,s) , 8.52 (1H, s) . 
MS m/z: 421 (M + +H) . 
[1502] 

Example 292: [5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 5- 
dif luorophenyl) methyl ] pyridin-2-yl ] acetonitrile 
[1503] 

[Chemical formula 190] 
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CI 




[1504] 

To an ethyl acetate (5 ml) solution of [5-chloro-4- 
[ (4-chlorophenylthio) (2, 5-dif luorophenyl ) methyl] pyridin-2- 
yl] acetonitrile (387 mg, 0.92 mmol) were added methanol (5 
ml) , 31% aqueous hydrogen peroxide (3 ml) and hexaammonium 
heptamolybdate tetrahydrate (227 mg, 0.18 mmol). The 
resulting mixture was stirred at room temperature for 2 
hours. Water was added to the reaction mixture. Ethyl 
acetate and methanol were distilled off under reduced 
pressure. To the residue was added a saturated aqueous 
solution of sodium bicarbonate. The product thus obtained 
was extracted with dichloromethane . The organic layer was 
dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=17:3 eluate was concentrated under 
reduced pressure to give the title compound (364 mg, 0.80 
mmol, 87%) as a white solid. 
[1505] 

1 H-NMR ( 4 00MHz , CDCI3) 5 : 4 . 02 (2H, s) , 6.22 (1H, s) , 6. 92- 
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6.99(lH,m), 7.04-7.11 (lH,m) , 7 . 46 (2H, d, J=8 . 6Hz) , 7.48- 
7.54(lH,m), 7.62 (2H,d, J=8 . 6 Hz), 8.15(lH,s), 8.56(lH,s). 
MS m/z: 453 (M + +H) . 
[1506] 

Example 293: [ 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,5- 
dif luorophenyl) methyl] pyridin-2-yl ] acetic acid 
[1507] 

[Chemical formula 191] 



To an acetic acid (2 ml) solution of [5-chloro-4- [ ( 4- 
chlorophenylsulfonyl) (2, 5-dif luorophenyl ) methyl ] pyridin-2- 
yl] acetonitrile (113 mg, 0.25 mmol) was added a mixture of 
water (2 ml) and concentrated sulfuric acid (2 ml) at room 
temperature. The resulting mixture was stirred at 100°C 
for 2 hours. After the reaction mixture was cooled to room 
temperature, water was added thereto. The resulting 
mixture was extracted with dichloromethane . The organic 
layer was dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced 
pressure. The residue thus obtained was washed with a 
mixed solvent of diethyl ether/hexane and then, collected 
by filtration to give the title compound (101 mg, 0.21 



ci 




[1508] 



mmol, 86%) as a white solid. 
[1509] 

1 H-NMR (400MHz, CDCI3) 5 : 1 .74 (lH,brs) , 4. 00 (1H, d, J=17 . 9Hz) , 
4 . 05 (1H, d, J=17 . 9Hz) , 6.23 (1H, s) , 6. 92-6. 99 (lH,m) , 7 . 04- 
7 . 11 (lH,m) , 7 .45 (2H,d, J=8 . 6Hz) , 7.48-7 . 54 (lH,m) , 
7.62 (2H,d, J=8.6Hz) , 8.12(lH,s) , 8.52 (1H, s) . 
MS m/z: 472 (M + +H) . 
[1510] 

Referential Example 53: ( 2 , 5-Dichloro-4-pyridyl ) (2,6- 
dif luorophenyl) methanol 
[1511] 

[Chemical formula 192] 



Under an argon atmosphere, n-butyl lithium (a 1 . 60M 
hexane solution, 2.33 ml, 3.72 mmol) was added to a 
tetrahydrofuran solution (12 ml) of diisopropylamine (0.520 
ml, 3.72 mmol) at -78°C. The resulting mixture was then 
stirred at -78°C for 30 minutes. To the reaction mixture 
was added a tetrahydrofuran solution (2 ml) of 2,5- 
dichloropyridine (500 mg, 3.38 mmol). The resulting 
mixture was stirred at -78°C for 1 hour. A tetrahydrofuran 
solution (2 ml) of 2 , 6-dif luorobenzaldehyde (395 mg, 3.72 




F OH 



[1512] 



inmol) was then added to the reaction mixture, followed by 
stirring at -7 8°C for 2 hours. To the reaction mixture was 
added IN hydrochloric acid (7 ml) and then, the temperature 
of the reaction mixture was raised to room temperature. 
The reaction mixture was diluted with ethyl acetate. The 
diluted mixture was washed with water and brine, dried over 
magnesium sulfate, and concentrated. The solid thus 
obtained was washed with dichloromethane to give the title 
compound (746 mg, 2.57 mmol, 76%) as a white solid. 
[1513] 

1 H-NMR (4 00MHz, CDC1 3 ) 5: 2 . 62 (lH,brd, J=3 . 7Hz) , 6.3 0 (lH,brs) , 
6.87-6.93 (2H,m) , 7 .28-7 .37 (lH,m) , 7.91 (1H, s) , 8 .25 (1H, s) . 
MSm/z : 290 (M + +H) . 
11514] 

Example 294: 2, 5-Dichloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 6- 
dif luorophenyl ) methyl ] pyridine 
[1515] 

[Chemical formula 193] 




[1516] 

The (2, 5-dichloro-4-pyridyl) (2, 6- 
dif luorophenyl) methanol (744 mg, 2.57 mmol) obtained in 



546 



Referential Example 53 was suspended in dichloromethane (6 
ml), followed by the addition of thionyl chloride (0.5 ml) 
and dimethyl formamide (one drop) . The resulting mixture 
was stirred at room temperature for 5 hours. To the 
reaction mixture was added thionyl chloride (1.0 ml) 
further. The resulting mixture was stirred at. room 
temperature for 24 hours. The reaction mixture was 
concentrated. The residue thus obtained was neutralized 
with a saturated solution of sodium bicarbonate and then, 
extracted with dichloromethane. The extract was washed 
with water and brine, dried over magnesium sulfate and 
concentrated. The residue thus obtained was dissolved in 
dimethylformamide (.10 ml) . After the addition of sodium 4- 
chlorobenzenesulf inate (613 mg, 3.08 mmol) , the resulting 

mixture was heated at 50°C for 5 hours and then, 80°C for 3 
hours. The reaction mixture was diluted with ethyl 
acetate. The diluted solution was washed with water and 
brine, dried over magnesium sulfate, and concentrated. The 
residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=4 : 1 eluate was concentrated. The 
resulting solid was recrystallized from diethyl ether- 
hexane to give the title compound (7 61 mg, 1.69 mmol, 66%) 
as a white solid. 
[1517] 
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1 H~NMR (400MHz, CDCI3) 5 : 6.02 (lH,s) , 6 . 84- 6 . 90 ( 2H, m) , 7.32- 
7.40 (lH,m) , 7.4 6(2H,d, J=8.5Hz) , 7 . 65 (2H, d, J=8 . 5Hz) , 
8.35 (1H, s) , 8.43-8.46 (lH,m) . 
MSm/z: 448 (M + +H) . 
[1518] 

Example 295: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,6- 
dif luorophenyl ) methyl] -2- (3, 4-dimethoxybenzylamino) pyridine 
[1519] . 

[Chemical formula 194] 
f CI 

F OS=0 H K^ n ^ 




CI 

[1520] . 

To an N-methyl-2-pyrrolidone solution (20 ml) of the 
2, 5-dichloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 6- 
dif luorophenyl) methyl] pyridine (755 mg, 1.68 mmol) obtained 
in Example 294 was added 3, 4-dimethoxybenzylamine (0.745 
ml, 5.04 mmol) under an argon atmosphere. The resulting 
mixture was heated at 150°C for 5 hours. The reaction 
mixture was returned to room temperature and then, diluted 
with ethyl acetate. The diluted solution was washed with a 
saturated aqueous solution of ammonium chloride, a 
saturated aqueous solution of sodium bicarbonate, water and 
brine, dried over magnesium sulfate, and concentrated. The 
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residue thus obtained was subjected to flash silica gel 
column chromatography. The fraction obtained from the 
hexane: ethyl acetate=2:l eluate was concentrated to give 
the title compound (295 mg, 0.509 mmol, 30%) as a white 
amorphous substance . 
[1521] 

1 H~NMR(400MHz CDC1 3 )5: 3.89(3H,s), 3.90(3H,s), 

4.48 (2H,d, J=5.6 Hz), 5.06(1H, t,J=5.6Hz), 6.02(lH,s), 6.81- 
6. 88 (3H,m) , 6. 93-7 . 00 (2H,m) , 7 . 2 8-7 . 3 6 ( lH,m) , 
7.40(2H,d, J=8.3Hz) , 7.51 (1H, s) , 7.56(2, d, J=8.3Hz) , 
8.00 (1H, s) . 
MSm/z: 579 (M + +H) . 
[1522] 

Example 2 96: 5-Chloro-4- [ ( 4-chlorophenylsulf onyl ) (2, 6- 
dif luorophenyl ) methyl ] pyridin-2-ylamine 
[1523] 

[Chemical formula 195] 



The 5-chloro-4- [ ( 4-chlorophenylsulf onyl ) (2,6- 
dif luorophenyl) methyl] -2- (3, 4-dimethoxybenzylamino ) pyridine 
(293 mg, 0.506 mmol) obtained in Example 295 was dissolved 




F 0 s S=0 




[1524] 
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in trif luoroacetic acid (4 ml) . The resulting solution was 
heated at 65°C for 2 hours. The reaction mixture was 
concentrated. The residue thus obtained was basified with 
a saturated aqueous solution of sodium bicarbonate, 
followed by extraction with ethyl acetate. The extract was 
washed with water and brine, dried over magnesium sulfate, 
and concentrated. The residue thus obtained was subjected 
to flash silica gel column chromatography. The fraction 
obtained from the hexane: ethyl acetate=2 : 1 eluate was 
concentrated. The solid thus obtained was recrystallized 
from ethyl acetate-hexane to give the title compound (147 
mg, 0.343 mmol, 68%) as a white solid. 
[1525] 

L H-NMR (4 00MHz, CDCl 3 ) 5: 4 . 62 (2H, s) , 6. 01 (1H, s) , 6. 82- 

6.89(2H,m), 7 . 2 9-7 . 38 ( 1H, m) , 7 . 44 (2H, d, J=8 . 5 Hz), 

7.59(lH,brs) , 7 . 65 (2H, d, J=8 . 5Hz) , 7. 99(lH,s) . 

IR (ATR) cm" 1 : 3502, 3400, 1620, 1603, 1545, 1471, 1412, 

1333, 1279, 1230, 1151, 1084, 993, 928, 891, 829, 795, 756, 

623, 559, 513, 459. 

mp: 179 to 181°C. 
MSm/z: 429 (M + +H) . 

Elemental Analysis for C18H12CI2F2N2O2S : Calculated: C, 50.36; 
H,2.82; CI, 16.52; F,8.85; N,6.53; S,7.47. Found': C, 50.36; 
H,2.83; CI, 16.39; F,8.88; N,6.48; S,7.56. 
[1526] 



Test Example 

Measuring method of an inhibitor of the production or 
secretion of ft-amyloid protein 

The inhibitory activity against formation of (3 
amyloid protein of the compounds obtained in Examples was 
tested in the method described bellow. 

E35 cells were established by transfecting APP751 
gene which is a wild type human p-amyloid protein precursor 
into human glioma cells (H4 cells) . 

E35 cells were seeded in 96-well plates and 
cultured in an incubator of 37°C by using a Dulbecco' s 
Modified Eagle's Medium containing 10% inactivated fetal 
bovine serum (10% FBS-DMEM) . Twenty-four hours after 
seeding, a test compound dissolved in DMSO so as to give 
its concentration to be 2000 times as much as that of the 
final concentration was added to the medium in an amount of 
1/2000 capacity of the culture medium. The cells were 
cultured for additional twenty-four hours, and then the 
supernatant was collected. The amount of (J amyloid protein 
(A(3) secreted in the supernatant was measured by the 
sandwich enzyme-linked immunosorbent assay (ELISA) . 
Described specifically, a monoclonal antibody 25-1, which 
recognized A(325-35, was immobilized onto a 96-well ELISA 
plate, followed by the incubation at 4°C for 16 to 20 
hours. After washing with a phosphate buffer (pH 7.4) 



(PBS), a biotinylated monoclonal antibody MA32-40, which 
recognized Apl-8, was added, and the plate was kept at 4°C 
for 2 hours. After the supernatant was removed and the 
well was washed sufficiently with PBS, alkaline 
phosphatase-conjugated streptavidin was added to the plate. 
Absorbance was measured while adding BlouPhos (manufactured 
by KPL) as a substrate. An amount of A£ contained in the 
supernatant was calculated using a calibration curve 
separately created using A£ of a known concentration. IC 5 o 
of the test compound was presented as the concentration at 
which 50% inhibition of A(3 production was observed compared 
to the amount of Ap of the control cells to which only DMSO 
was added. 

On the other hand, cytotoxicity of the test compound 
was assayed in the following manner. The test compound 
dissolved in DMSO was added to H4 cells cultured on 10% 
FBS-DMEM. After incubation for 72 hours, a viable cell 
count was measured using Alamar Blue (manufactured by 
BIOSOURCE) . Concentration of the test compounds at which 
the viable cell count was 80% or less of the control cells 
to which only DMSO was added was defined as the 
concentration at which cytotoxicity appears. 

When there is at least 10-times difference between 
the IC 5 o and the concentration at which cytotoxicity 
appears, then the compound is judged as a compound having 



an inhibitory activity against production or secretion of (5 
amyloid protein. 

The results of evaluation of the compound of the 
present invention using the above-described assay are shown 
in Table 1. Compounds exhibiting IC 5 o not higher than 5 nM 
are evaluated as +++, those exhibiting I.C50 ranging from 5 
nM to 50 nM are evaluated as ++ and those exhibiting IC50 
ranging from 50 to 500 nM are evaluated as +. 
[1527] 
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